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Rapid global expansion of the aquaculture industry has prompted the need for 
development of techniques for effective environmental management. In intensive 
aquaculture, effluents have resulted in environmental degradation of surrounding 
ecosystems. As a result, wastewater treatment techniques using biological means is 
growing worldwide. The present research was conducted to investigate the nutrient 
flows in a system where seaweed Sargassum sp. was integrated into western king 
prawn (Penaeus latisulcatus) culture.  
 
Three laboratory experiments were conducted to determine the nutrient load 
discharged from western king prawn culture and, the capacity of Sargassum sp. to 
reduce nutrient loads in the integrated culture system. The effects of changes in 
stocking biomass of prawns and seaweed on the growth rates of both species and 
nutrient flows in an integrated culture system were also investigated. Prawn and 
seaweed growth, prawn survival, water quality parameters, nitrogen and phosphorus 
contents in tissue of prawns, seaweed and feed were analysed. 
 
These experiments demonstrated that by integrating seaweed into prawn culture, 
the concentrations of total ammonium nitrogen (TAN), nitrite-nitrogen (NO2-) and 
nitrate-nitrogen (NO3-), dissolved inorganic nitrogen (DIN), total nitrogen (TN), 
phosphate (PO43-) and total phosphorus (TP) were significantly reduced (p ≤ 0.05) 
than in the prawn monoculture and remained within non-toxic limits for the duration 
of the experiment. Overall, Sargassum sp. removed a greater percentage of DIN 
(35.8-52.6%) and phosphate (5.62-65.9%) than other nutrient forms.  
 
The mean nutrient uptake rates of Sargassum sp. were 0.33-0.69 mg g-1 dry wt 
day-1 for nitrogen and 0.13-0.25 mg g-1 dry wt day-1 for phosphorus. The integrated 
culture systems effectively retained nutrients into harvested products in comparison 
to monoculture system. The rates of nutrient conversion into waste were significantly 
lower in the integrated culture systems (52.46-70.05% for nitrogen and 49.09-
69.41% for phosphorus) than in prawn monoculture (82.31% for nitrogen and 




Integrating Sargassum sp. with prawn culture did not alter the specific growth 
rate (SGR) and survival rate of the prawns. The SGR of Sargassum sp. in integrated 
culture increased at the rate of 3.16 ± 0.74% day-1, while was 5.70 ± 0.82 % day-1 in 
seaweed monoculture. Decreasing the stocking biomass of Sargassum sp. negatively 
affected its growth rate and capacity in uptaking the nutrients. 
 
The results of this study suggest that integrating Sargassum sp. into prawn 
culture can benefit prawn farming by assisting in the maintenance of optimum water 
quality and thereby, reduce environmental impacts on surrounding ecosystems. 
However, the lower growth rate of seaweed cultured with prawns than those cultured 
in isolation suggests the presence of several limiting factors for the growth of the 
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This thesis presents an investigation into the nutrient dynamics in an integrated 
prawn (Penaeus latisulcatus Kishinouye 1896) and macroalgal (Sargassum sp.). The 
thesis includes 6 chapters. 
  
Chapter 1 is starts with a review of the available literature on the general 
aquaculture aspects.  This is followed by a review of environmental problems due to 
intensive aquaculture, especially prawn culture. The western king prawn culture also 
forms the section in Chapter 1. The chapter also reviews the suggested solutions in 
order to overcome those problems. There is a section in Chapter 1 which includes the 
review on seaweed species used in integrated aquaculture system. The effects of 
integrated aquaculture system in terms of nutrient retention and removal are also 
reviewed in this chapter.  
 
Chapter 2 begins with an introduction, which includes the rationale, aim and 
objectives of the research. 
 
The materials and methodology applied in current research is described in 
Chapter 3.  
 
The results and discussion of the Experiment 1 are in the Chapter 4 whereas 
Experiment 2 and 3 form the Chapter 5. The Chapter 4 and 5 answers the questions 
related to the impact of Sargassum sp. when they are integrated into the western king 
prawn culture. The nutrient dynamics (Nitrogen and Phosphorus) in the systems is 
also discussed. The limiting factors for growth and survival of Sargassum sp. are 
explained and compared with the results of the previous studies.  
 
The general discussion and conclusions are presented in chapter 6. This chapter gives 
the reviews of the discussion in terms of nutrient flows in both monoculture and 
integrated culture systems and the capacity of nutrient uptake of Sargassum in 
comparison to other seaweed species. It summarises the discussion of all three 
experiments and offers the recommendations on future research. 
CHAPTER 1: LITERATURE REVIEW 
 
1.1 Aquaculture 
Aquaculture is the fastest growing seafood production sector in comparison to 
other animal food producing sectors, accounting for 59.4 million tons, the equivalent 
of US$ 70.3 billion, in 2004 (FAO 2006b; Subasinghe 2006). Growth in global 
aquaculture averaged 7.3% annually (Lowther 2006) and now accounts for nearly 
45% of the world's consumption of seafood (FAO 2006b). The development of 
aquaculture industries has been seen as the means to supply the future demand for 
seafood, in particular, providing a major world-wide protein source (Shpigel et al. 
1993a). It is predicted that aquaculture will provide more than 50% of the total 
demand of seafood products (Tidwell & Allan 2001) and reach at least 100 million 
tons per annum by 2030 to maintain the current per capita consumption (FAO 
2006b). Thus, the development of the aquaculture industry has focused towards more 
intensive practices to increase aquaculture efficiency and production (Gutierrez-
Wing & Malone 2006). 
 
Traditional aquaculture systems (e.g. extensive pond farming) dominate many 
regions, but such systems are not able to cope with the effects of urbanisation, 
industrialisation and chemical runoff from agriculture. Thus, these are now being 
replaced by semi-intensive or intensive systems to obtain a higher production per 
unit area than extensive systems (New & Wijkstrom 1990; Shpigel et al. 1993a). 
These systems are presently being used in many regions of the world for both grow-
out and juvenile production of aquatic species.  
 
Semi-intensive and intensive systems often involve high rearing densities (e.g. 
above 15-20 prawns m-2) to enhance production (Bratvold et al. 2004).  In order to 
sustain high yields in intensive systems, high quality feed inputs are used to ensure 
satisfactory survival, growth rates and feed conversion efficiency of the cultured 
species (Brzeski & Newkirk 1997). However, only a minor part of these nutrients is 
taken up by the cultured species, with the remainder being released as wastes where 
they can have negative impacts on water quality and for the environment (Folke & 
Kautsky 1992; Buschmann et al. 1994). Successful aquatic culture requires 
maintenance of pond water quality at acceptable levels so, from an economical and 
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ecological point of view, the management of water quality is of particular concern 
(Shpigel et al. 1993b; Bratvold et al. 2004).  
 
In many countries, aquaculture practices have resulted in the destruction of 
coastal areas, salinisation of land, pollution of waterways and massive crop losses 
(Phillips et al. 1993). Thus, there is a demand for developing new techniques of 
aquaculture practices that require less space (Brzeski & Newkirk 1997) and have 
minimal adverse environmental impacts (Troell et al. 1999). Techniques that 
contribute to the diversification of cultured organisms in aquaculture and, therefore 
provide potential economical benefits, are of particular interest (Buschmann et al. 
1994). 
 
1.2 Prawn farming 
Penaeid prawn farming began hundreds of years ago in countries of south-east 
Asia and has been one of the most economically successful of all intensive 
aquaculture industries. In 2005, more than 2 million tonnes of commercial 
shrimp/prawns were farmed worldwide, a contribution of 5.5% of world total 
aquaculture production of aquatic animals. FAO (2006b) reported that penaeid 
shrimps/prawns farming contributed about 63.1% to brackishwater aquaculture 
production. The contribution of aquaculture to global prawn production has more 
than doubled from 1999 to 2004 and, in 2005, was valued at over US$ 10 billion 
(FAO 2006a). In Australia, the prawn farming industry is small, contributing an 
annual production of 3,541 MT in 2005-2006 (ABARE 2008), accounting for 0.18% 
of world production of farmed prawn. Penaeid species that exhibit commercial 
potential have been cultured in some forms belong mainly to five subgenera of the 
genus Penaeus, including Penaeus, Fenneropenaeus, Marsupenaeus, Melicertus and 
Farfantepenaeus (Primavera 1985).  
 
1.3. Western king prawn 
1.3.1 Distribution and Taxonomy 
The western king prawn (Penaeus latisulcatus Kishinouye 1896) belongs to the 
subgenera of Melicertus. It occurs predominantly on intertidal sand and mud-flats, 
generally located between shallow subtidal/intertidal seagrass beds and mangroves 
higher on the shoreline (Tanner & Deakin 2001) and is widely distributed throughout 
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the Indo-West Pacific region (Dore & Frimodt 1987). In Australia, western king 
prawns inhabit most of the coastal areas off Western Australia, South Australia, 
Northern Territory, Queensland and northern New South Wales (Grey et al. 1983) 
and is exploited commercially in the northern Great Barrier Reef (Gribble et al. 
2007).  
 
A taxonomic classification of Penaeus latisulcatus is as follows (Integrated 
Taxonomic Information System 2005): 
Kingdom:  Animalia 
  Phylum:    Arthropoda 
    Subphylum:      Crustacea 
      Class:         Malacostraca 
        Subclass:          Eumalacostraca 
          Superorder:           Eucarida 
            Order:              Decapoda 
              Suborder:               Dendrobranchiata  
                Superfamily:           Penaeoidae 
                  Family:         Penaeidae 
                     Genus:           Penaeus (Melicertus) 
                        Species:             latisulcatus 
                         Authority:  Kishnouye 1896 
 
1.3.2 Western king prawn aquaculture 
The western king prawn is one of the candidate species for commercial culture in 
many Asian countries. At present, the commercial culture of this prawn is being 
practiced in some countries such as Japan, Thailand, India and China (Prangnell 
2007). Research into improving the culture of western king prawn has focused on 
monoculture systems with few studies assessing the growth and survival rates of the 
western king prawn in different environmental conditions (Sang & Fotedar 2004; 
Prangnell & Fotedar 2006ab). 
 
1.4 Environmental impacts of aquaculture 
Aquaculture is known to have several impacts on the environment (Troell et al. 
1999; Neori et al. 2000; Matos et al. 2006; Zhou et al. 2006) including; physical 
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habitat destruction, introduction of diseases and alien species and the release of large 
amount of wastes into the environment (Figure 1.1). Wastes usually contain elevated 
concentration of dissolved nutrients, suspended solids and chemicals (Ziemann et al. 
1992). The actual environmental impacts of aquaculture depend on the surrounding 
environment and the choice of species, culture method, stocking density, food 















Waste Water Waste Water Waste Water Waste Water Waste Water 





Figure 1.1   Production of wastewater from aquaculture industries (Siddiqui 
2003) 
 
Amongst the most significant negative effects of the aquaculture industry are 
those related with high nutrient loading, which are characterised by high organic 
matters, dissolved and particulate nutrient concentrations and producing large 
amount of gases (Porter et al. 1987; Krom & Neori 1989; Mendiguchia et al. 2006). 
The high nutrient levels are primarily due to the unused feed in the forms of 
unconsumed feed or undigested feed residue and inorganic nutrient excretions from 
the cultured species (Troell et al. 1997; Msuya et al. 2006). The dissolved nutrients 
may be sufficient to stimulate the rapid growth of bacteria and toxic and/or non-toxic 
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algal blooms (Lin et al. 1993; Troell et al. 1997; Troell et al. 1999; Neori et al. 2000). 
As a result, the outbreak of infectious disease such as pathogenic bacteria can occur 
(Lin et al. 1993; Primavera 1997). These wastes also cause increased biological 
oxygen demand and solid accumulation (Tovar et al. 2000a) which could induce 
toxic conditions for aquatic animals. As a consequence, nutrient loading can lead to a 
decline in farm productivity or even the collapse of an aquaculture industry as it 
already has in some countries, for example, the prawn industry in China (Msuya et 
al. 2006) and fish culture in the Philippines (Rodrigueza & Montaño 2007).  
 
 The most significant polluting components of effluents in aquaculture systems 
are nitrogen (N) and phosphorous (P) (Troell et al. 1997; Tovar et al. 2000b; Burford 
et al. 2003; Matos et al. 2006; Zhou et al. 2006). Effluents containing nitrogen and 
phosphorus have been reported to have caused eutrophication of receiving waters 
(Foy & Rosell 1991). Previous studies have shown that of the total amount of feed 
applied to a pond, harvested fish recover approximately 11-27% nitrogen (N), and 
30-32% phosphorus (P) of the total nutrient inputs in intensive, and 5-25% N, and 5-
18% P in semi-intensive ponds (Acosta-Nassar et al. 1994; Green & Boyd 1995; 
Troell et al. 1997; Troell et al. 1999; Neori et al. 2000). Particularly, in prawn 
culture, less than one third of the nitrogen-budget in the diet is converted into prawn 
biomass (Primavera 1993; Briggs & Funge-Smith 1994). Depending on the species 
and culture technologies, the various unused portions of the nutrients may be lost 
into the environment in the form of dissolved or particular wastes through feed 
wastage, excretion, faeces production and respiration (Lin et al. 1993; Wu 1995; 
Pagand et al. 2000; Piedrahita 2003). For example, the effluent from prawn farms 
discharging into Moreton Bay, Queensland often has concentrations of dissolved 
nitrogen and phosphorus which are 60 fold higher than receiving water (Jones et al. 
2001b). The Gulf of California in Mexico annually receives about 112 and 32 kg ha-1 
for N and P, respectively, from prawn farms (Páez-Osuna et al. 1999; Páez-Osuna et 
al. 2003).  
 
Thus, in order to maintain water quality at an acceptable level, the prawn farming 
industry has promoted the need to develop appropriate ways of treating the effluent 
waters from prawn ponds before they are released back to the receiving water. 
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Moreover, the effluents may have many potential uses and should not necessarily be 
regarded as a waste product (Troell et al. 2003; Neori 2007). 
 
1.5 Waste water management 
In order to reduce environmental pollution from aquaculture effluents, cost-
effective methods of effluent treatment have been developed to control nutrient loads 
from aquaculture farms and prevent eutrophication (Ryther et al. 1975; Shpigel et al. 
1993b). There are a number of methods and commercially available systems 
currently used to improve the water quality of aquaculture farm discharges (Table 
1.1). 
 
The wastewater from aquaculture can be treated by applying methods that are 
based on mechanical and/or biological processes. Methods such as denitrification, 
nitrification, mechanical filtration, sedimentation and releasing effluents to wetlands 
have proven capable of reducing suspended solids, organic matter, ammonia, nitrite, 
nitrate and phosphorus from effluents and contaminated environment. For example, 
filtering effluents by wetlands can remove 82-90% total phosphorus, 92-93% 
dissolved phosphate and 86-89% total nitrogen from a fish farm (Summerfelt et al., 
1999), and 30% total phosphorus in prawn culture (Tilley et al. 2002). By using 
sedimentation, between 18-26% of nitrogen and phosphorus can be removed from 
shrimp ponds (Teichert-Coddington et al. 1999). The denitrification process control 
ammonium nitrogen and nitrite nitrogen within acceptable ranges (<0.5 and <0.2 
mg/l respectively) for culture of black tiger prawn (Penaeus monodon) broodstock 
(Menasveta et al. 2001). Combinations of nitrification and denitrification for treating 
effluents removed approximately 70% of the phosphorus added with the feed in 
tilapia (Oreochromis niloticus x aureus) culture (Shnel et al. 2002). Although these 
methods have proven to reduce nutrient loading in aquaculture, in order to gain more 
economical efficiency and ecological balance in the aquaculture industry, alternative 
solutions that utilise the nutrients have been proposed, such as the integration of 







Table 1.1 Common methods for the treatment aquaculture effluents.  
Methods References 
Water exchange Primavera (1993) 
Mechanical filtration Tseng et al. (1998), Palacios & Timmons (2001), 
Siddqui (2003) 
Biomechanical filtration by 
filter feeding animal 
Shpigel et al.  (1997), Jones et al. (2001a) 
Sedimentation Wang (1990), Tseng et al.  (1998), Teichert-
Coddington et al. (1999), Jackson et al. (2003a), 
Siddqui (2003) 
Wetland treatment to filter 
effluents 
Summerfelt et al. (1999), Negroni (2000), Palacios & 
Timmons (2001), Tilley et al. (2002) 
Bioengineering (recirculation) Siddqui (2003), Piedrahita (2003) 
Denitrification Aboutboul et al.  (1995), van Rijn et al.  (1995), 
Menasveta et al. (2001), Erler et al. (2004) 
Nitrification Hagopian & Riley (1998), Grommen et al. (2002), 
Chuntapa et al.  (2003), Lyseenko & Wheaton (2006) 
Combination of denitrification 
and nitrification  
Arbiv & van Rijn (1995), Abeysinghe et al. (1996 ), 
Shnel et al. (2002), Siddqui (2003) 
Integrated aquaculture-
hydroponics 
Seawright et al. (1998), Brown et al. (1999), Lin & Yi 
(2003) 
Microbial agents (bacteria) van Rijn (1996), Chuntapa et al. (2003), Liu & Han 
(2004) 
Fungi Hwang et al. (2004) 
Using microalga Chuntapa et al. (2001), Borges et al. (2005), Sreesai & 
Pakpain (2007) 
Using macroalgae as biofilter Ryther et al. (1975), Harlin et al. (1978), Neori et al., 
(1996), Brzeski & Newkirk (1997), Neori et al. (1998), 
Lyngby et al. (1999), Chopin et al. (2001), Mwandya et 
al. (2001), Martínez-Aragón et al. (2002a), Hernández 
et al. (2002), Troell et al. (2003), Erler et al. (2004), 
Torres et al. (2004), Bartoli et al. (2005), Hernández et 
al.  (2005), Troell et al. (2005), Marinho-Soriano 





Although the nutrients can be waste products from aquaculture farm, they could 
meet the nutrient requirements for the culture of many macroalgal species (Edwards 
et al. 1988; Ruddle 1991; Troell et al. 2003; Carmona et al. 2006). Integrating 
macroalgae into monoculture systems to assimilate the remaining dissolved nutrients 
has shown to be a viable alternative solution to improve water quality and increase 
overall profits, provide social benefits and diversify production (Troell et al. 1997; 
Chopin et al. 2001; Neori et al. 2007).  
 
1.5.1 Macroalgae 
The use of macroalgae to absorb waste nutrients from aquaculture and, at the 
same time, reduce the risk of eutrophication of the environment was first suggested 
by Ryther et al. (1975). In addition, macroalgae do not compete with other uses of 
the aquatic environment but rather complement them by helping to close nutrient 
cycles (FAO 2006b). The potential to use macroalgae (Table 1.2) for wastewater 
biofiltering in integrated polyculture systems has been successfully demonstrated on 
a laboratory scale (Troell et al. 2003) to a large field scale (Neori et al. 2004). The 
common macroalgae genera Ulva, Porphyra and Gracilaria have been used in 
integrated systems for removing nutrients from waste water in fish, prawn and 
scallop aquaculture prior to disposal (Ryther et al. 1975; Vandermeulen & Gordin 
1990; Buschmann et al. 1994; Krom et al. 1995; Troell et al. 1999; Nelson et al. 
2001; Martínez-Aragón et al. 2002b; Neori et al. 2004). These macroalgal species 
have proven to effectively reduce the nutrient load in effluents and maintain water 
quality at acceptable levels (Marinho-Soriano 2007; Neori et al. 2007). In addition, 
these seaweeds can be utilized in various ways for example, nutritional purposes 
(human consumption as food) and fodder for other high-valued aquaculture 
organisms, such as abalone (Chopin et al. 2001; Neori et al. 2004).  
 
The genus Ulva has been successfully integrated into mid- or large-scale 
mariculture systems (Neori et al. 1996; Neori et al. 2003). These authors stated that 
the use of Ulva sp. significantly reduced the concentration of dissolved nitrogen in 
effluents from seabream farm ponds with the low stocking density in Eilat (Aqaba), 
Israel. Neori et al. (2000) and Schneider et al. (2005) also reported a high growth rate 
of Ulva when co-cultured with gilthead seabream species (Sparus aurata) and 
abalone (Haliotis discus hannai), but harvested biomass was limited to low-profit 
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agar extraction (Neori et al. 2000; Carmona et al. 2006). Seaweed from the genus 
Porphyra not only has the potential to use nutrients in aquaculture effluent for 
growth, but also produces biomass with high market value (Carmona et al. 2006). 
However, the life cycle of Porphyra is not well understood (Neori et al. 2004) and 
may not integrate well with aquatic species. 
Table 1.2   Macroalgal species used as biofilters in treating effluents from aquaculture. 
Species Countries References 
1. Rhodophyta (red seaweed)   
Chondrus crispus Portugal Matos et al. (2006) 
Eucheuma denticulatum  Zanzibar (Tanzania) Mwandya et al. (2001) 
Gracilaria bursa pastoris Portugal Matos et al. (2006) 
Gracilaria. chilensis Chile, Buschman et al. (1994), Buschman et al. 
(1996b), Troell et al. (1997) 
Gracilaria cornea Spain Viera et al. (2005) 
Gracilaria conferta Israel Neori et al. (1998) 
Gracilaria crassa Tanzania, Mwandya et al. (2001), Msuya & Neori 
(2002) 
Gracilaria  edulis Australia, Jones et al. (2001a), Jones et al. (2002) 
Gracilaria gracilis Spain Martínez-Aragón et al. (2002a) 
Gracilaria longissima Spain Hernández et al. (2005) 
Gracilaria parvispora Hawaii Nelson et al. (2001) 
Gracilaria verrucosa  Brambilla et al. (2007) 
Hynea spinella Spain Viera et al. (2005) 
Hynea musciformis Spain Viera et al. (2005) 
Palmaria palmate Portugal Matos et al. (2006) 
Porphyra amplissima Stamford (USA)  Kraemer et al. (2004), Carmona et al. 
(2006) 
Porphyra haitanensis Stamford (USA) Carmona et al. (2006) 
Porphyra katadai Stamford (USA) Carmona et al. (2006) 
Porphyra leucosticte Korea NFRDI (1994) 
Porphyra purpurea Canada, Stamford (USA) Chopin et al. (1999), Kraemer et al. 
(2004), Carmona et al. (2006) 
Porphyra tenera Korea NFRDI (1994) 
Porphyra umbilicalis Stamford (USA) Kraemer et al. (2004), Carmona et al. 
(2006) 
Porphyra yezoensis Canada, Stamford (USA) Chopin et al. (1999), Carmona et al. (2006) 
Gelidium amansii China Liu et al. (2004) 
Gelidium latifolium Sevastopol Bay 
(Ukraine) 
Silkin & Chubchikova (2007) 
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Species Countries References 
Ceramium rubrum Denmark Lyngby et al. (1999) 
Kappaphycus alvarezi,  Philippines Lombardi et al. (2006) 
Kappaphycus striatum Philippines Rodrigueza & Montaño (2007) 
Pterocladiella capillacea New Zealand Rees et al. (2007) 
Asparagopsis armata Portugal Schuenhoff et al. (2006) 
 
2.Chlorophyta (green seaweed)   
Chaetomorpha linum Spain Menénder et al. (2002) 
Codium fragile Korea Kang et al. (2008) 
Enteromorpha sp. Australia Erler et al. (2004) 
Enteromorpha intestinalis Spain Martínez-Aragón et al. (2002a) 
Ulva clathrata China Lu et al.  (2008) 
Ulva intestinalis New Zealand, Rees et al. (2007) 
Ulva lactuca Chile, Israel, Denmark Harlin et al. (1978), Vandermeulen & 
Gordin (1990), Shpigel et al. (1993a), 
Krom et al. (1995), Ellner et al. (1996), 
Neori et al. (1996), Neori et al. (1998), 
Lyngby et al. (1999), Neori et al. (2000), 
Neori et al. (2003), Msuya & Neori (2008) 
Ulva reticulate Tanzania Mwandya et al. (2001), Msuya & Neori 
(2002), Msuya et al.  (2006),  
Ulva pertusa China Liu et al. (2004) 
Ulva rigida Spain, Italia Jiménez del Río et al. (1994), Porrello et 
al. (2003) 
Ulva rotundata Spain Martínez-Aragón et al. (2002a), Hernández 
et al. (2005) 
3.Phaeophyta (brown seaweeds)   
Laminaria japonica Korea NFRDI (1994)  
Laminaria saccharina Canada Ahn et al. (1998) 
Nereocystis luetkeana Canada Ahn et al. (1998) 
Sargassum everve  China Liu et al. (2004) 
Sargassum fusiforme1 Korea NFRDI (1994) 
Undaria pinnatifida Argentina Torres et al. (2004) 
Xiphophora chondrophylla New Zealand Rees et al. (2007) 
 
Due to the commercially valuable products produced from the species of genus 
Gracilaria, such as agar, agarose and food, it is one of the most desirable seaweeds 
to be incorporated into integrated systems (Santelices & Doty 1989). This has led to 
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much interest in Gracilaria farming and therefore, a diverse range of farming 
methods has been developed. The integration of Gracilaria with several finfish 
species in mariculture systems has been studied. For example, Gracilaria was co-
cultivated with salmon (Oncorhynchus mykiss and O. kisutch) grown in cages to 
reduce environmental impact from nutrient loading and increase economic output 
(Troell et al. 1997); with turbot (Scophthalmus maximus Linnaeus) and sea bass 
(Dicentrarchus labrax Linnaeus) for evaluating the use of the nutrient-rich effluents 
from farms (Matos et al. 2006), and with the rockfish (Sebastodes fuscescens) in 
tanks for investigation into growth and bioremediation potential (Zhou et al. 2006).  
 
1.5.2 Sargassum species 
The genus Sargassum belongs to the brown seaweeds and is a common 
macroalgae occurring worldwide. They are found in subtidal areas in both tropical 
and temperate water, especially in the Indo-west Pacific region and Australia (Tseng 
et al. 1985). Sargassum has been used to monitor metal concentrations in the coastal 
waters (Favero & Frigo 2002). Al-Shwafi & Rushdi (in press) reported that 
Sargassum sp. plays a significant role in the uptake of heavy metals in seawater. 
Recently, Liu et al. (2004) indicated that Sargassum has potential to be used as a 
biofilter for removing redundant nutrients in aquaculture. Similarly, other reports 
stated that Sargssum sp. has the potential to remove metabolic nutrients in the ocean 
environment (Hanson 1977; Lee 1980; Phlips et al. 1986).  
 
1.6 Integrated aquaculture 
1.6.1 Integrated aquaculture systems 
Methods using seaweeds or molluscs for treating effluents from fish or shrimp 
farming began in the mid-1970s and principally originated in China, Japan and South 
Korea (Goldman et al. 1974; Ryther et al. 1975). In order to use resources more 
efficiently, increase production and profit as well as remove nutrients from pond 
effluents, prawns/fish are grown in combination with biofilters such as molluscs 
and/or seaweed. For example, in order to create an “environmentally clean” system, 
an integrated fish-molluscs-macroalgae system was proposed by Gordin et al. (1981) 
in Israel. Also, salmon species are farmed in integration with the red alga Gracilaria 
chilensis in Chile (Troell et al. 1997), thereby reducing the potential for negative 




Integrated systems can be land-based or open-water systems and may include 
several combination of species (Neori et al. 2004). The appropriate organisms are 
chosen based on the roles and functions they play in the ecosystem, their economic 
value and/or their acceptance by consumers. Several integrated aquaculture systems 
have been designed with different approaches to illustrate performances of nutrient 
retention or nutrient recycling more effectively and efficiently than other methods 
(Troell et al. 2003).  
 
In an open-water system, seaweed culture takes place near the fish nets/pens in 
order to take up dissolved inorganic nutrients produced from within the fish 
nets/pens (Troell et al. 1999). However, the continuous tidal exchange of water 
makes waste disposal difficult to control, making it difficult to design experiments 
and to collect the data in coastal areas (Zhou et al. 2006). Therefore, research into 
open-water integrated systems is limited and has not yet spread or reached 
commercial reality in the coastal mariculture farms. Only a few studies have 
investigated the possibilities of integrating seaweed or bivalves as biofilters into 
open-water farming (Troell et al. 1999). 
 
However, for land-based systems, the integration of seaweed into fish or shrimp 
ponds/tanks is recognised as a promising form of sustainable mariculture (Neori et al. 
2004) and as a result, the combination of species from different tropic or nutritional 
levels in the same system has been researched and developed more comprehensively 
(Troell et al. 2003). Studies integrating macroalgae into land-based aquaculture 
systems include fish-macroalgae-bivalves (Shpigel et al. 1993b), fish-macroalgae; 
and fish-macroalgae-shellfish (Neori et al. 2000). 
 
1.6.2 Prawns in integrated systems 
In many countries, including Australia, a large amount of waste water from 
shrimps/prawns ponds is released into receiving water-ways without treatment (Jones 
et al. 2001b; Marinho-Soriano et al. 2002). With the expansion of prawn pond sites, 
both prawn farmers and resource managers are becoming increasingly aware that the 
development of effective methods of effluent treatment such as integrated culture is 
crucial for sustainable aquaculture development (Troell et al. 1999; Nelson et al. 
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2001). Indeed, effluents from prawn ponds consist mainly of nitrogen and 
phosphorus which have recently been shown as a good nutrient source for seaweed 
culture (Jones et al. 2001b; Nelson et al. 2001; Jones et al. 2002; Marinho-Soriano et 
al. 2002). 
 
Systems that integrate prawns and seaweed have been studied in several 
countries. Nelson et al. (2001) studied the cultivation of Gracilaria parvispora in 
shrimp-farm effluent ditches and floating cages in Hawaii. In Australia, Jones et al. 
(2002) reported that the use of macroalgae Gracilaria edulis (Gmelin) Silva has the 
potential to effectively improve effluent water quality from a commercial kuruma 
shrimp farm (Penaeus japonicas). The filamentous macroalgae Enteromorpha sp. 
has been cultivated in Penaeus monodon ponds to decrease nitrogen levels (Erler et 
al. 2004). Other small-scale studies on the integration of red seaweed (Gracilaria) 
with prawn farming have been done by Phang et al. (1996) in Malyasia, Liu et al. 
(1997) in China, and Kinne et al. (2001) in USA. Green seaweed (Ulva sp.) has been 
used in laboratory-scale integrated culture with prawns in Japan (Ali et al. 1994). 
 
1.6.3 Nutrient dynamics in integrated aquaculture 
1.6.3.1 Nutrient retention efficiencies in integrated systems 
Seaweeds have a significant capacity to convert a large quantity of waste 
nutrients into valuable products (Troell & Norberg 1998; Troell et al. 2003; Neori 
2007). Several studies reported that the waste products from aquaculture support 
most of the nutrient requirements for seaweed growth (Neori et al. 2000; Viera et al. 
2005). The efficiency of nutrient retention of different integrated system modules 
differs and depends on the nutritional values of the feed which in turn depends on the 
specific demands of the cultured fish species (Schneider et al. 2005). Overall, at least 
60% of the nutrient input can reach commercial products when fish or prawns are 
cultured with macroalgae (Shpigel et al. 1993b). This rate is nearly three times higher 
than modern monoculture fish net/pen farms (Neori et al. 2004). Schneider et al. 
(2005) also reported that when either macroalgae, microalgae or macrophytes is 
integrated with fish culture, the total nutrient retention of feed increases by 20-50% 
in N and up to 53% in P. This agrees with the finding of Shpigel et al. (1993a) and 
Neori et al. (2000) that, Ulva is able to retain between 20-30% feed N in an 
integrated aquaculture system. Viera et al. (2005) also reported that Ulva sp. could 
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increase in protein content from 11% to over 32% when cultured in the nutrient-rich 
waters of intensive fish/shrimp aquaculture.  
 
1.6.3.2 Nutrient removal efficiency of macroalgae 
Removing redundant nutrients is one of the important aspects of water quality 
control and plays a crucial role in aquaculture. Several studies have reported that the 
dissolved nutrients in aquatic animal compartments can be removed by macroalgae 
(Troell et al. 1999; Neori et al. 2000; Neori et al. 2004). Thus, nutrient levels in the 
discharged effluent can be significantly reduced when compared to effluents from 
conventional mariculture technology (Krom et al. 1995). However, different 
macroalgae species vary in their capability to remove nutrients from aquaculture 
effluents (Table 1.3).  
Table 1.3 Efficiency of some seaweed in removing nitrogen and phosphorus from 
aquaculture effluents. 
 
Species Nutrient Rate (%) References 
Asparagopsis armata TAN 18.86 Schuenhoff et al. (2006) 
Chondrus crispus TN 41.4 Matos et al. (2006) 
Codium fragile TAN Up to 99.5 Kang et al. (2008) 
Enteromorpha sp. TN 43-46 Erler et al. (2004) 
Enteromorpha intestinalis PO43+ 85.3-99.6 Martínez-Aragón et al. 
(2002b) 








Shpigel et al. (1993b) 
Buschman et al. (1994), 
Buschman et al. (1996b), 
Troell et al. (1999) 
Gracilaria bursa pastoris TN  76.7 Matos et al. (2006) 
Gracilaria crassa NO3- 56 Mwandya et al. (2001) 
Gracilaria conferta TN 3-88   Neori et al. (1998) 
Gracilaria verrucosa  TAN (in spring) 
TAN (in summer) 
65.38 
32.43 
Brambilla et al. (2007) 




Troell et al. (1997) 









Species Nutrient Rate (%) References 
Gracilaria cervicornis NO3- 90 Review in Marinho-Soriano 
(2007) 
Gracilaria gracilis PO43+ 71.4-98 Martínez-Aragón et al. 
(2002b) 










Jones et al. (2001a) 
 
Jones et al. (2002) 







Hernández et al. (2005) 
Kappaphycus alvarezii 
and K. striatum 
TAN 41-66 Qian et al. (1996), 
Rodrigueza & Montaño 
(2007) 
Laminaria saccharina DIN 26-40 Subandar et al. (1993) 
Palmaria palmate NUF 41 Matos et al. (2006) 




Schuenhoff et al. (2003) 




Carmona et al. (2006) 
Ulva sp. TAN 85 Vandermeulen & Gordin 
(1990) 
Ulva intestinalis TAN 40 Rees et al. (2007) 










Krom et al. (1995), 
Schuenhoff et al. (2003), 
Neori et al. (2000),  Neori et 
al. (2003) 
Neori et al. (1998) 
Msuya and Neori (2008) 
Ulva reticulate  TAN (outflow) 
TAN (inflow) 
PO43+ 
63 – 65  
44 
33 – 58 
Mwandya et al. (2001), 
Msuya et al. (2006) 
Ulva rigida TAN 76 Jiménez del Río et al. (1994) 
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Species Nutrient Rate (%) References 








Hernández et al. (2005) 
 
Martínez-Aragón et al. 
(2002b) 
TAN = total ammonia nitrogen, TN = total nitrogen, NO3- = nitrate-nitrogen, DIN = dissolved 
inorganic nitrogen, NUF = nitrogen uptake efficiency, TP = total phosphorus, PO43- = orthophosphate 
 
1.6.4 Benefits of integrated approach 
The economic value of integrated/polyculture systems has been investigated 
since 1985 (Neori et al. 2004). Efficient treatment of waste water from aquaculture 
ponds usually involves a high level of technology which requires high investment in 
terms of the set up and running costs (Neori et al. 2004; Matos et al. 2006). 
Recycling or recirculating aquaculture systems are practical and functional in most 
cases and usually lead to reduced effluent being discharged into open water bodies.  
 
Several fish farms use bacteria to effectively treat waste water which is 
discharged from intensive fish or shrimp ponds (van Rijn 1996). However, these 
systems can be complex (Troell et al. 1999; Neori et al. 2004) and expensive (Matos 
et al. 2006). Furthermore, such systems only convert the nutrients into less toxic 
forms and, generally do not reduce overall nutrient levels (Troell et al. 2003; Matos 
et al. 2006). A method of effluent treatment that lowers overall nutrient levels have 
the potential to reduce farm water consumption which would be beneficial, both 
economically and environmentally (Pagand et al. 2000). 
 
In addition to addressing the waste-disposal environmental problems from 
aquaculture, integrated systems can diversify the production mix in changing market 
conditions and add another source of income (Buschmann et al. 1994; Neori et al. 
1996; Troell et al. 1999; Neori et al. 2007). The production of species in integrated 
aquaculture systems is at least equal to, or greater than, those attained from 
monocultures systems (Neori et al. 2000; Neori et al. 2004). For example, by 
integrating Gracilaria with salmon, approximately 48.9 kg m-2 year-1 of Gracilaria 
was harvested annually in a pond with salmon, equivalent to US$ 34,000 (Troell et 
al. 1999). Eventually, a farm model of land-based integrated sea bream-shellfish-
seaweed can harvest 25 tons of fish, 50 tons of bivalves and 30 tons of seaweed 
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annually (Neori et al. 2004). Hence, using macroalgal/seaweeds for biofiltration in 
aquaculture systems has both ecological and economic benefits. 
 
However, the optimisation of an integrated aquaculture system depends on the 
objectives to achieve, i.e. biofitration versus biomass production (Neori et al. 2003; 
Schuenhoff et al. 2003). It is known that the maximising both macroalgae production 
and nutrient removal efficiency in an integrated aquaculture system could be 
difficult. Schuenhoff et al. (2006) reported that an integrated aquaculture system has 
a high biomass yield of macroalgae, the drawback is that nutrient removal efficiency 
decreases. To achieve elevated biomass production of seaweed, water exchange rates 
should not limit the availability of both carbon and nitrogen to seaweed growth 
(Schuenhoff et al. 2006). However, Msuya et al. (2006) reported that the higher 
water exchange rates may result in the higher nutrient removal rates. In addition, the 
growth rates of cultured species can reduce due to the fouling and mortality of the 
seaweed in an integrated aquaculture system (Msuya et al. 2006). Thus, the biomass 
production per unit area of each species in an integrated aquaculture system may be 
lower than monoculture system. 
 
Overall, it can be seen that both economical and environmental advantages could 
be achieved when integrating macroalgae with aquaculture. By integrating 
macroalgae with aquaculture, the wastes from species can become a resource for 
others species. Therefore, integration could serve as an effective approach to reduce 
the cost to treat the effluents from aquaculture farms. Thus, integrated aquaculture 
systems are bound to play a major role in the sustainable development of world 
aquaculture. However, each organism fed externally in an integrated system has 
different characteristics with respect to the quality and quantity of wastes released to 
the surrounding environment. The development of techniques where macroalgae are 








CHAPTER 2: INTRODUCTION 
 
2.1 Introduction 
In recent years, superfluous nutrients from aquaculture operations have become a 
world-wide environmental problem in the coastal areas, with the rapid development 
of intensive aquaculture becoming a major pollution source. Waste products from 
aquaculture consist mainly of nitrogen and phosphorus (Porter et al. 1987; 
Boaventura et al. 1997; Coloso et al. 2003). These nutrients harm the surrounding 
aquatic ecosystem in several ways, by degrading the quality of water and reducing 
diversification of aquatic species (Chin & Ong 1997; Troell et al. 2003; Bratvold et 
al. 2004). Therefore, the integration of macroalgae and fish or prawn aquaculture has 
been proposed because of their capacity in reutilising waste products from 
aquaculture (Chopin et al. 1999; Chopin et al. 2001; Neori et al. 2004). Various 
species of macroalgae have been studied for their suitability as nutrient sinks in the 
integrated aquaculture systems. Gracilaria sp. in integrated aquaculture system are 
well recognised  to remove inorganic wastes (Buschmann et al. 1994; Buschmann et 
al. 1996a; Troell et al. 1997; Jones et al. 2001a; Jones et al. 2002; Martínez-Aragón 
et al. 2002b; Hernández, I. et al. 2005; Matos et al. 2006). Ulva sp. (Harlin et al. 
1978; Msuya et al. 2006; Rees et al. 2007; Lu et al. 2008), Porphyra sp. (Chopin et 
al. 1999; Kraemer et al. 2004; Carmona et al. 2006) and Laminaria sp. (Ahn et al. 
1998) perform the similar function of nutrient removal from aquaculture.  
 
However, no attempts are made in integrating Sargassum sp. with western king 
prawn cultures in Australia and information on the role of Sargassum sp. in nutrient 
dynamics in any prawn integrated culture system is unknown. It is expected that by 
integrating Sargasum sp. with western king prawns will improve the productivity of 
the aquaculture system by improving the water quality. Introduction of seaweed in 
intensive aquaculture will also improve the utilisation of nutrients and will assist in 
mitigating the problems associated with release of waste water to the surrounding 
environment. This integrated farming approach can provide knowledge on the 
nutrient uptake in the integrated aquaculture system. The outcomes of any such 
research undertaken can provide the baseline data for the development of Sargassum 
as a biofilter in intensive aquaculture. This study aims to investigate the efficacy of 
Sargassum sp. in removing nutrients from the western king prawn (Penaeus 
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latisulcatus, Kishinuoye 1896) culture when both species co-exist in the same 
environment. 
 
2.2 Aim and Objectives 
The aim of this study is to investigate the effects of integrating Sargassum sp. into 
western king prawn (Penaeus latisulcatus Kishinouye 1896) culture on nutrient 
dynamics. 
 
The above aim is achieved by meeting the following specific objectives: 
 
1. To quantify the nutrients discharged from western king prawn culture when 
prawns are fed formulated feeds under laboratory conditions. 
2. To calculate the amount of nutrients removed by Sargassum sp. when 
integrated with western king prawn culture. 
3. To determine the relationship between growth rates and conversion rates of 
nitrogen and phosphorus from formulated feed into prawn and seaweed in 
integrated culture system 
4. To evaluate the changes in stocking biomass of prawns and seaweed on 
growth rates of those species and nutrient flows in an integrated culture 
system. 
5. To determine the relationships between the seaweed stocking density (i) and 















CHAPTER 3: MATERIALS AND GENERAL METHODS 
 
3.1. Source of prawns and seaweed 
Juvenile western king prawns were collected in the mouth of the Swan River 
(near Point Water Reserve) in Bicton, Western Australia (320 40”S 1150 13”E) 
(Figure 3.1). Prawns for all experiments were caught between 19:00-21:00 (post 
sunset), using drag-nets in water up to 1.5m in depth. The prawns were transported to 
the Curtin Aquatic Research Laboratory, Curtin University of Technology and were 
held in ocean water under laboratory conditions until the commencement of 
experiments. Sargassum sp. was collected from the Cottesloe coast in Western 
Australia (310 57”S 1150 05”E) (Figure 3.1).  
  A. 
          
  B. 
 
Figure 3.1  Seaweed (Sargassum sp.) and prawn (Penaeus latisulcatus) collection 
sites.  Site of Prawn Collection 
Note: A. Region of collection sites in Australia, B. Specific collection sites 
for prawns and seaweed 
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3.2. Experimental approach 
3.2.1 Experimental setup 
Three experiments were conducted indoors in 100L plastic tanks. Each tank was 




Plate 3.1   Experimental tank used for experiments. 
 
3.2.2 Morphometric measurement 
Prior to being weighed, prawns were dried with paper towel to remove excess 
moisture. A digital balance was used to measure the total biomass (g) of each prawn 
to three decimal places. All prawns were weighed before the commencement of the 
experiment. Prawns were re-weighed weekly to obtain the data required for 
determining the total growth rate, biomass gain and biomass increment. 
 
Specific growth rates (SGR % g per day) and weight gain (WG g) were 
calculated by using the formula:  
SGR = 100 x (lnWt-lnW0)/t 
WG = Wt-W0; 
where W0 = initial biomass; Wt = biomass at time (t); t = day of trial.  
 




3.2.3 Survival  
In each experiment, prawn survival was monitored daily, with any mortality 
removed promptly. Mortalities showing signs of cannibalism and those with a soft 
exoskeleton (recently moulted) were noted. The survival rate (Stn) of the prawns in 
each tank was calculated using the formula: 
 
Stn = Ntn*100/Ni; 
where, Ntn = number of prawns surviving at the time n; Ni = number of prawns at the 
beginning of each experiment. 
 
3.2.4 Feed 
Commercial western king prawn diets were supplied by Ridley Aqua-Feed 
Company, Queensland. Prawns were fed twice daily at a feeding rate of 2.5% of 
prawn biomass. Any uneaten feed and faeces were removed at least twice daily. 
 
3.2.5 Nutrient analysis 
3.2.5.1 Nitrogen  
Feed, prawns and seaweed, and wastes (faeces and uneaten feed) were oven-dried 
at 1050C overnight to a constant weight. Nitrogen content was analysed by the 
Kjeldahl method (AOAC 1995) using a Tecator 1015 heater block operated by a 
Tecator autostep 1012 controller, and a Tecator Kjeltec 1030 Auto Analyser. 
Approximately 100 -1000 mg of dried sample was transferred into a 250 ml digestion 
tube, placed in the heating block and digested with 10 ml of digestion acid (H2SO4 + 
H2PO4) in the presence of a catalyst at 420oC until the sample became clear 
(approximately 60 – 80 minutes). The digested sample was then analysed using the 
Kjeltec auto analyser. Nitrogen content of the sample was calculated using the 
following formula: 
 
N (%) = [14.01 × M × 100 × (ml HClsample - ml HClblank)] / mg sample 
where  14.01 = the atomic weight of nitrogen 
M = the molarity of the hydrochloric acid used in Kjeltec auto 
analyser to titrate ammonia (0.5M) 




3.2.5.2 Phosphorus  
Dried samples were analysed for phosphorus by using the spectrophotometric 
molybdovanadate method (AOAC 1995). Approximately 0.5 -1.0 g of dried prawns, 
seaweed and feed samples were transferred into pre-weighed (W0) crucibles. The 
weight of the crucible with the sample was recorded as W1. The crucible with sample 
was ignited in the muffle furnace (CarboliteTM) at 550oC overnight. The crucible 
was removed from the furnace, allowed to cool in the desiccator and reweighed (W2). 
Dry-ashed samples were then dissolved in a HCl:HNO3 (4:1 v/v) solution and were 
heated to dryness (Cheng et al. 2006). The resulting residue was dissolved with 10 
ml of 1% HCl in a steam bath and then diluted to 100 ml volumetric flask. If any 
insoluble matter was present the solution was filtered through filter paper (Whatman 
Ø 90 mm). 5 ml of molybdovanadate reagent (see Appendix 1) was then added into 
each sample and the absorbance of the sample was recorded using a 
spectrophotometric set a wave length of 400 nm. Phosphorus content of the sample 
was calculated using the following formulas: 
 
mg P2O5/100 g test sample = 100 x (mg P2O5/10 ml from standard curve*)/g test 
sample in 10 ml ash solution (* see Appendix 1 for methodology for preparation of 
standard curve.) 
 
% P2O5 = (mg P2O5/100 g test sample)/1000 
 
Conversion rate (%) = nutrient gained/total nutrient fed x 100 
where: nutrient gained (N or P) = final nutrient – initial nutrient; total nutrient fed = 
total N or P input to the tanks 
 
3.2.6 Water quality parameters 
Aeration was provided to all tanks in every experiment and was monitored using 
a DO meter (YSI-550A). The temperature and pH of the tanks were measured using 
a pH meter (TPS-WP-80) during the experimental period. The salinity of systems 
were measured with a handheld refractometer and was maintained at 35-36‰, except 
for experiment described in Chapter 4 (28-29‰). During the experiments, no water 
exchanges were performed. Evaporation losses were compensated for by the addition 
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of distilled water to maintain the salinity at 35-36‰. The light cycle was controlled 
by using an automatic timer switch and was set up at 12:12h light:dark. 
 
Nutrient parameters in water were measured weekly in all treatments. All samples 
were analysed in triplicate.  
 
3.2.6.1 Metabolite nutrients  
The metabolite nutrients measured in this study were; total ammonia nitrogen 
(TAN = NH3 + NH4+), nitrite nitrogen (NO2-), nitrate nitrogen (NO3-) and 
orthophosphate (PO43-). Filtered water samples were analysed for TAN, NO2- and 
PO43- using the indophenol blue method, colorimetric and ascorbic acid methods, 
respectively (APHA 1998) (see Appendix 1). Nitrate nitrogen was analysed by using 
a DR/890 Colorimeter (HACH 2005). Dissolved inorganic nitrogen (DIN) was 
calculated as total of TAN, NO2- and NO3-.  
 
3.2.6.2 Total nitrogen  
Unfiltered water samples (50 ml) were digested with a potassium persulphate 
solution in an autoclave for one hour. Subsequently, nitrates and nitrites were 
reduced to ammonium with Devarda alloy (Raveh & Avnimelech 1979). After 
adding Devarda alloy to the autoclaved samples, they were left overnight. Aliquots 
of 100ml were then taken by decantation or filtration of the samples. Aliquots were 
neutralized to pH 5 with NaOH solution. Ammonium concentration was determined 
by the indophenol blue method (APHA 1998) (see Appendix 1).  
 
3.2.6.3 Total phosphorus  
Approximately 50 ml of unfiltered water samples were pre-digested using 
persulfate in an autoclave at 1210C for 30 minutes (Hansen & Koroleff 1999). The 
samples were taken out the autoclave and cooled. The concentration of total 
phosphorus was determined by using the ascorbic acid method (APHA 1998) (see 
Appendix 1).   
 
Nitrogen removal (NR %) in the integrated systems was estimated according to 




NR = 100 x (Ccnl – Cp)/Ccnl 
where  Ccnl = nutrient concentration in the prawn monoculture treatment (mg l-1) 
Cp = nutrient concentration in the integrated culture treatment (mg l-1). 
 
3.2.7 Nutrient budget and uptake 
In order to find the nutrients (nitrogen and phosphorus) in the inputs and outputs 
in each treatment and/or experimental unit, total nutrients of inputs, outputs, uptakes 
and accumulations in the culture system during the rearing cycle were measured.  
The nutrient budget of N and P were calculated based on inputs and outputs as 
follows: 
 
Nutrient inputs = Nutrient outputs + Nutrient loss 
In which:  Nutrient inputs = nutrients in water + nutrients in stocked prawn 
and/or seaweed + nutrients in feed 
Nutrient outputs = nutrients in harvested prawn and/or seaweed + 
nutrients in drained water + nutrients in sediment (faeces, uneaten 
feed and dead thallus of seaweed)  
 
Nutrient inputs and outputs in the form of water represents nutrient contained in 
water on the day of prawn stocking and on the harvest-day, respectively and was 
calculated by multiplying the nutrient concentration with total water volume.  
 
Nutrient concentrations (nitrogen and phosphorus) in the initial and final tissue 
samples of prawn and seaweed were determined to calculate the total nutrient 
contained in the tissue. Nutrient inputs and outputs in the form of prawns and 
seaweed were calculated as follows:  
 
Nutrient in prawn/seaweed (mg) = nutrient concentrations in prawn/seaweed X 
total dry biomass. 
 
Nutrient (N and P) inputs in the form of prawn feed were calculated as follows:  





Mean nutrient uptake rate (Umean; mg g dry wt-1 day-1) of the seaweed was 
estimated based on nutrient content in the thalli according to the following equation 
 
Umean = SGR x Ntissue/100 
where; SGR = specific growth rate (% g day-1) for thalli; Ntissue = nutrient content in 
thalli tissue (mg g dry wt-1) 
 
3.3 Data analysis 
Data was stored on the hard disc at “I” drive for research students. Results were 
presented as means ± S.E. (standard error). The SPSS statistical program (versions 
12 and 15) and Microsoft Excel were used for data analysis in all the trials. Analysis 
of Variance (ANOVA), independent sample T-test and LSD post hoc tests were used 
to determine any significant differences among treatment means. Regression analysis 
was used to assess relationships between variables. All statistical tests were 























Sargassum sp. as a nutrient-sink in an integrated seaweed-prawn (ISP) 
aquaculture system  
 
4.1. Introduction 
Prawn farming has been developing steadily over the last decade in response to 
an increasing world market demand. Since the 1970s, the western king prawn 
(Penaeus latisulcatus, Kishinouye 1896) has been considered as one of the candidate 
species for culture (Kathirvel & Selvaraj 1987) and  has been widely cultured in 
several Asian countries. In recent years, the culture systems for prawns have 
intensified (Gutierrez-Wing & Malone 2006) by using  high quality feed (Shepherd 
& Bromage 1988; Seymour & Bergheim 1991; Brzeski & Newkirk 1997) which 
accounted for more than 95% of the nutrient input in aquaculture ponds (Krom & 
Neori 1989). However, only less than one third of these nutrients are assimilated into 
the prawn biomass (Briggs & Funge-Smith 1994) and the remaining portion is lost to 
the system (Wu 1995; Piedrahita 2003).  
 
In order to improve effluent water quality, assist in maintaining the sustainable 
development of prawn farming and to mitigate the environmental impacts of prawn 
farming, various methods have been proposed to address the issue of nutrients 
discharged from intensive king prawn aquaculture (Troell et al. 2003; Neori et al. 
2004). One viable approach is to integrate macroalgae with prawn aquaculture where 
macroalgae is expected to assimilate the nutrients from prawn effluents.  
 
Integrating macroalgae with fish or prawn aquaculture is a biologically and 
technically feasible method to reduce the environmental impacts of aquaculture 
effluents. This approach is based on the use of macroalgae to remove the dissolved 
nutrients from aquaculture pond effluents. The concept of developing an 
“environmentally clean” aquaculture system based on an integrated fish-mollusc and 
macroalgae system was first proposed by Gordin et al. (1981). The system was 
further tested by Gordin et al. (1990) and Shpigel et al. (1991). Other authors have 
also developed systems integrating fish or prawn and macroalgae culture (Liu et al. 
1997; Neori et al. 1998; Troell et al. 1999; Jones et al. 2001a). 
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Several macroalgae species such as Ulva, Porphyra and Gracilaria have been 
proven to effectively reduce the nutrient load in effluents both under laboratory and 
field conditions (Troell et al. 2003; Neori et al. 2004). However, this study is the first 
to integrate Sargassum sp. into western king prawn culture. Sargassum sp. are 
common macroalgae occurring worldwide and are distributed in subtidal areas in 
both warm and temperate water, especially in the Indo-west Pacific region and 
Australia (Tseng et al. 1985). Sargassum communities are considered to metabolise 
nutrients in the pelagic environment (Hanson 1977; Phlips et al. 1986). The aim of 
this experiment was to evaluate the efficacy of Sargrassum sp. in assimilating 
nitrogen (N) and phosphorus (P) in effluents from western king prawns and to 
calculate the nutrient budget of N and P in western king prawn (Penaeus latisulcatus) 
aquaculture. 
 
4.2. Materials and Methods 
Three treatments were used, viz. prawn monoculture (PM), seaweed monoculture 
(SM) and integrated seaweed and prawn culture (ISP). Each treatment consisted of 
four replicates in the form of tanks and these tanks were arranged in a completely 
randomised design (Fig. 4.1). The experiment was conducted for 42 days under 
laboratory conditions. The initial biomass of the prawns in each tank in PM and ISP 
was the same (i.e. 96 g m-2). Seaweed was stocked at the initial biomass of 0.5 kg m-2 
(140 g per tank) in SM and ISP. The feeding rate for the prawns at the 
commencement of the experiment was 2.5% of the prawn biomass per day. The feed 
contained 8.12% of N and 1.29% of P. Prawn mortalities in each tank were removed 
immediately and weighed and any sign of cannibalism was recorded.  
SM ISP PM SM 
 











Figure 4.1  Experimental tank layout (front view).  




Sixty western king prawns (5.48 ± 0.29g each) were acclimated for 28 days in 
two 250-L tank containing ocean water. Five prawns were then placed into each PM 
and ISP tank and total tank biomass was recorded. Prawns were re-weighed weekly 
to obtain the data required to calculate growth. The survival (Stn) of the prawns in 
each tank was also recorded over the period of the experiment. The seaweed 
Sargassum sp. was rinsed with ocean water to remove any epiphytes and was then 
placed into the SM and ISP culture.  
 
Salinity levels of the systems were maintained at 28.96-30.19‰ over the 
experiment period, which is within the optimum range for prawn culture (Sang & 
Fotedar 2004; Prangnell 2007). During the experiment, evaporation losses of water 
were compensated by the addition of distilled water to maintain the salinity level 
around 29-30‰ (Appendix 2). 
 
Data collection method and analysis procedures were conducted as described in 
Chapter 3 of Materials and Methods.  
 
Nutrient removal (NR %) in the integrated culture systems was estimated 
according to the following equation:  
                                      
 NR = 100*(Ccnl – Cp)/Ccnl 
where  Ccnl (mg/L) = nutrient concentration in the prawn monoculture treatment  















4.3.1 Water quality 
Mean temperature and dissolved oxygen (DO) was 23.60-25.080C and 5.81-6.16 
mg l-1, respectively over the experimental period (Appendix 2, Table I). The pH of 
water ranged from 7.91 to 8.17, which is within the optimum range for prawn culture 
(Allan & Maguire 1992a; Wang et al. 2002).  
  
Overall, the mean concentration of nutrients over time was significantly lower (p 
< 0.05) in the ISP and SM than in the PM (Figure 4.2). The concentration of total 
nitrogen and DIN in the ISP was significantly lower (p < 0.05) than the PM, even 
when no seaweed was present in ISP for the last 14 days of the experiment. 
Similarly, the total phosphorus concentration of ISP was significantly lower (p < 
0.05) than the PM while seaweed was present in the tanks. However, the 
concentration of total phosphorus in ISP and PM was the same (p > 0.05) until day 
35 of the experiment when seaweed did not present in ISP. At the end of the 
experiment, ISP was recorded the significant lower concentration of total phosphorus 
than PM. However, the concentration of PO43- in the ISP was lower than that in PM 
during the first 28 days of the experiment and then the concentration of PO43- was the 
same (p > 0.05) at both ISP and PM when all seaweed was removed from the tanks at 
day 28 until the conclusion of the experiment. The DIN, total nitrogen, PO43- and 
total phosphorus concentrations in SM were significantly lower (p < 0.05) than PM 
and ISP for the duration of the experiment. 
 
In all treatments, NO-3 and total ammonium nitrogen (TAN) were the 
predominant dissolved inorganic nitrogen forms. While the NO-3 seems to be stable, 
the TAN has deceased significantly during the period of day 28-42 (Figure 4.2). 
Overall, the most significant nutrient dynamics occurred during day 21-35. It is 
worthy noting that during day 21 to 28, all Tan, DIN and NO-3 increased by almost 
3-4 times the previous sampling times. On the other hand, the NO2- concentrations 
peaked at the end of the experiment and no significant difference (p > 0.05) between 
PM and ISP was observed.   
 
After 28 days of the experiment, seaweed was removed from the tanks and faeces 
and uneaten feed were siphoned out. Following this, the concentration of TAN 
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decreased significantly (p < 0.05) in all treatments and was not significantly different 
(p > 0.05) between ISP and PM. The concentration of NO3- decreased slightly in PM, 
while the NO3- concentration in ISP continued to increase and reached 3.13 mg l-1 at 
the end of the experiment. In contrast, NO2- concentration was generally at the lowest 
concentration and was always lower in ISP than in PM (Figure 4.2). NO2- 
concentration did not significantly alter (p> 0.05) over the experimental period in all 
treatments and ranged from 0.003 mg l-1 to 1.35 mg l-1 in PM, 0.36 mg l-1 in SM and 
1.42 mg l-1 in ISP.  
 
During the experimental period, nitrogen was the more abundant nutrient when 
compared to phosphorus (Figure 4.2). Dissolved inorganic nitrogen (DIN) and total 
nitrogen varied from the beginning until the end of the experiment for all treatments. 
The concentration of DIN and total nitrogen at the beginning of the experiment was 
the same for all treatments, with 0.13 mg l-1and 0.17 mg l-1, respectively. At the end 
of the experiment, the DIN and total nitrogen had increased significantly (p < 0.05) 
in all treatments. In ISP the concentrations of DIN and total nitrogen were 6.06 mg l-
1and to 8.17 mg l-1, respectively, while in the PM was 10.99 mg l-1 for DIN and 14.66 
mg l-1for total nitrogen. In SM, the concentration of DIN (1.03 mg l-1) and total 
nitrogen (1.58 mg l-1) was lower than in PM and ISP.  
 
For the duration of the experiment, the concentration of orthophosphate (PO43-) 
was less than 1 mg l-1 and total phosphorus was less than 2 mg l-1 in all treatments 
(Figure 4.2). Over the period of the experiment, the concentration of PO43- and total 
phosphorus increased gradually in all treatments, from the initial sample of 0.014 mg 
l-1 to 0.93 mg l-1 for PM, 0.92 mg l-1 for ISP and 0.25 mg l-1 for SM. The maximum 
concentration of total phosphorus was recorded at the end of experiment in PM and 
SM (1.64 mg l-1 and 0.60 mg l-1 respectively), while the highest concentration of total 
phosphorus in ISP was 1.13 mg l-1 on day 35 of the experiment. 
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Figure 4.2 Water quality parameters in treatments recorded over the 
experimental period (mean ± SE).  
Note: PM = prawn monoculture; SM = seaweed monoculture; ISP = 
integrated seaweed-prawn culture. Different letters denote a significant 




4.3.2 Nutrient removal 
The removal rates of nitrogen metabolites by Sargassum sp. remained constant 
over the experimental period, except for NO2- which showed a significant decrease (p 
< 0.05) and was almost zero during the last 21 days of the experiment (Figure 4.3). 
The removal rate of NO3- generally increased with an increasing NO3- concentration, 
while the removal rate of TAN decreased with an increasing TAN concentration 
(Figure 4.2 and 4.3). At the end of the experiment, the removal rate of TAN was 
1.31%. Overall, the present of Sargassum sp. in prawn culture tanks resulted in more 
efficient removal of NO3- than TAN, with a removal rate ranging from 52.5 to 
75.04% and 1.31-29.21%, respectively.   
 
No significant difference (p > 0.05) was found between the DIN removal rates 
over the period of the experiment. The maximum removal rate was 52.6% for DIN 
and 61.9% for total nitrogen on day 28, but the differences were not statistically 
significant (p > 0.05) for DIN over time, whereas a significant difference (p < 0.05) 
was only found for total nitrogen at day 28 of the experiment. The nutrient removal 
rate varied over the experimental period, but generally, the removal rate of DIN and 
total nitrogen were higher than those of PO43- and total phosphorus (Figure 4.3 and 
4.4). Mean removal rates of DIN and total nitrogen ranged from 35.8 to 52.6% and 
from 34.7to 61.9%, respectively.  
 
There was a significant difference between the removal rates of PO43- over the 
experimental period. The highest PO43- removal rate was observed on day 14 of the 
experiment with a 65.9% removal efficiency, but deceased significantly (p < 0.05) 
thereafter to 5.6% at day 21 and was almost zero from day 28 onward (Figure 4.3). 
Total phosphorus was removed at an efficiency of 14.5% to 37.0%.  The removal 
rate of total phosphorus did not significantly change (p > 0.05) until day 35 of the 






Figure 4.3    Percentage nitrogen removal in integrated western king prawn and 
Sargassum sp. culture tanks (mean ± S.E.).  
Note: TAN = total ammonium nitrogen, DIN = dissolved inorgranic 
nitrogen, TN = total nitrogen 
 
 
Figure 4.4  Percentage phosphorus removal in integrated western king prawn and 
Sargassum sp. culture tanks (mean ± S.E.).  
Note: TP = total phosphorus. The asterisk (*) represents the point from 








4.3.3 Nutrient budget 
4.3.3.1 Nitrogen 
Most of the nitrogen entered to the tanks containing prawns came from the  
formulated prawn feed, with 62.27% in PM and 47.53% in ISP, whereas nitrogen 
input in SM was primarily from the intake water (59.26%). In PM and ISP, prawn 
accounted for 25.63% and 19.53% of the nitrogen inputs, respectively. Nitrogen from 
seaweed contributed about 40.74% in SM, but only 22.84% in ISP. The intake water 
accounted for the remainder of the N input in PM and ISP (Table 4.1). Within the 
tank, 17.69% in PM and 18.99% in ISP of the input N from feed was converted to 
harvested prawns (Figure 4.5). Wastes, including uneaten/wasted feed, faeces and/or 
dead seaweed, accounted for 27.81% of the nitrogen in PM and 24.42% in ISP and 
only 8.35% in SM. In the present study, unaccounted nitrogen occurred from systems 
with 5.00% in PM and 9.12% in ISP, whereas, up to 50.30% was recorded in SM.  
 
Figure 4.5  Nitrogen conversion rate from feed into western king prawn (mean ± 
S.E.).  
Note: PM = prawn monoculture. ISP = integrated seaweed-prawn culture. 












Table 4.1  Nitrogen budget for prawns and seaweed monoculture and integrated 
seaweed-prawn culture (mg per 100 L) (means ± S.E.). 
Treatments PM SM ISP 
Inputs    
Water  223.04±0.09 223.04 ± 0.09 223.04 ± 0.09 
(%) (12.09±0.57) (59.26 ± 2.90) (10.11 ± 0.62) 
Prawns  475.46±38.20  436.25 ± 32.79 
(%) (25.63±1.81)  (19.53 ± 0.80) 
Seaweed   156.37 ± 20.59 499.78 ± 43.01 
(%)  (40.74 ± 2.90) (22.84 ± 2.91) 
Feed  1158.67±76.75  1074.87 ± 147.12 
(%) (62.27±1.99)  (47.53 ± 0.82) 
Total  1857.16 379.41 2233.93 
(%) (100) (100) (100) 
    
Outputs    
Water  570.67±70.26 113.07 ± 13.46 463.80 ± 15.24 
(%) (30.52 ±2.95) (28.99 ± 6.08) (20.93 ± 1.01) 
Prawns  681.64±50.07  642.27 ± 63.28 
(%) (36.66 ±1.64)  (28.60 ± 1.12) 
Seaweed   49.42 ± 20.88 388.35 ± 74.32 
(%)  (12.36 ± 4.51) (17.93 ± 3.77) 
Waste 513.61 ± 22.60 31.72 ± 4.48 531.16 ± 90.59 
(%) (27.81 ±1.65) (8.35 ± 1.13) (23.42 ± 2.64) 
Unaccounted  91.24 ±12.53 185.20 ± 31.89 208.34 ± 45.43 
(%) (5.00 ±0.79) (50.30 ± 10.66) (9.12 ± 1.38) 
Total  1857.16 379.41 2233.93 
(%) (100) (100) (100) 





Phosphorus input in PM and ISP was approximately 66.55% and 50.10% 
respectively and occurred mostly from the prawn feed, while seaweed contributed 
the largest source of P in SM (95.53%). Prawns contributed about 32.05% in PM and 
24.16% in ISP. In the ISP, there was about 24.57% of P input coming from 
seaweeds. The intake water accounted for the remainder, which was 1.39%, 4.47% 
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and 1.15% in PM, SM and ISP treatments, respectively (Table 4.2). After 42 days of 
the experiment, the intake water represented 14.02% in PM, 30.54% in SM and 
22.91% in ISP of the total input P.  
 
The phosphorus budget indicated that prawn converted about 14.47% and 
13.79% of the input P as feed to prawn biomass (Figure 4.6). The contribution of 
phosphorus from wastes that is, uneaten feed, faeces and/or dead seaweed mostly 
accumulated in the tanks during the rearing, averaged 42.63% in PM, in 35.67% ISP 
and 50.92% in SM. Due to weight loss of the seaweed, the amount of P accounted for 
only 5.79% in ISP and 13.45% in SM. There was input P that could not be accounted 
for in the sum of recorded input P in all treatments, that is, only 1.62 % in PM, 
5.09% in SM and 4.81% in ISP. 
 
 
Figure 4.6  Phosphorus conversion rate from feed into western king prawn (mean 
± S.E.).  
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. 












Table 4.2  Phosphorus budget for prawns and seaweed monoculture and 
integrated seaweed-prawn culture (mg per 100 L) (means ± S.E.). 
Treatments PM SM ISP 
Inputs    
Water  3.60 ± 0.03 3.60 ± 0.03 3.60 ± 0.03 
(%) (1.39 ± 0.07) (4.47 ± 0.45) (1.15 ± 0.07) 
Prawns  83.27 ±6.69  76.40 ± 5.74 
(%) (32.05 ±2.21)  (24.16 ± 1.31) 
Seaweed   80.12 ± 10.55 76.24 ± 5.74 
(%)  (95.53 ± 0.45) (24.59 ± 3.54) 
Feed  173.33 ± 11.48  160.80 ± 22.01 
(%) (66.55 ± 2.23)  (50.10 ± 3.13) 
Total  260.20 83.72  317.03 
(%) (100) (100) (100) 
    
Outputs    
Water  36.13 ± 0.88 24.85 ± 3.07 72.42 ± 5.78 
(%) (14.02 ±0.88) (30.54 ± 4.63) (22.91 ± 1.44) 
Prawns  108.14 ± 7.83  97.18 ± 4.65 
(%) (41.74 ±3.07)  (30.82 ± 1.07) 
Seaweed   12.43 ± 5.30 18.59 ± 2.99 
(%)  (13.45 ± 3.75) (5.79 ± 0.63) 
Waste 111.61 ± 11.52 42.21 ± 4.67 113.14 ± 8.98 
(%) (42.63 ± 2.86) (50.92 ± 3.57) (35.67 ± 0.94) 
Unaccounted  4.32 ± 1.16 4.23 ± 0.50 15.72 ± 4.75 
(%) (1.62 ± 0.40) (5.09 ± 0.41) (4.81 ± 1.21) 
Total  260.20 83.72 317.03 
(%) (100) (100) (100) 















4.3.4 Nitrogen and Phosphorus in tissues 
4.3.4.1 Nitrogen and Phosphorus in prawn tissue 
Changes in N and P concentrations in the prawn tissue are shown in Table 4.3. 
There was no significant difference in the N and P concentrations between the initial 
samples and the final sample of prawn. However, due to the increment in the prawn 
biomass, the net N and P biomass increased in both PM and ISP (Appendix 3, Table 
II). When data from PM and ISP treatments were pooled, there was no relationship 
between SGR and the net N biomass gained in tanks of the prawns (r2 = 0.35, p = 
0.38; Fig. 4.7). A higher correlation was recorded between the SGR and the net P 
biomass gained (r2 = 0.60, p = 0.02; Fig. 4.8). Over the period of the experiment, the 
N:P ratio of prawns in both the PM and ISP treatments did not alter significantly (p > 
0.05) . 
 
Figure 4.7 Relationship between specific growth rate and net N biomass gained 





Figure 4.8 Relationship between specific growth rate and net P biomass gained 
in culture during the experiment. 
 
4.3.4.2 Nitrogen and Phosphorus in seaweed tissue 
At the end of the experiment, the seaweed under both monoculture and integrated 
culture conditions showed a decrease in the N and P content from the initial 
concentrations (Table 4.3). Due to losses of seaweed biomass, the amount of N and P 
gained in SM and ISP had negative values (Appendix 3, Table II). After day 7 
onward, the thallus of the seaweed began to deteriorate and 100% mortality was 
observed by the day 28. Therefore, neither N and P contents nor N:P ratio could be 
determined at the end of the experiment (Table 4.3). 
 
Table 4.3 N and P concentrations in prawn and seaweed tissue and N:P ratios at 
the initial and the end of the experiment (mean ± S.E.). 
Species Treatments Tissue N (% DM) Tissue P (% DM) N:P ratio 
  Initial Final Initial Final Initial Final 
Prawn  PM 10.39±0.09a 10.51±0.14a 1.82±0.01a 1.72±0.20a 13.31±0.13a 14.45±0.89a
 ISP 10.39±0.09a 10.89±0.46a 1.82±0.01a 1.63±0.16a 13.31±0.13a 14.13±0.81a
Seaweed SM 1.40±0.03a 1.33±0.07a 0.33±0.08a 0.27±0.03a 9.87±0.25a -
 ISP 1.40±0.03a 1.39±0.08a 0.33±0.08a 0.36±0.07a 9.87±0.25a -
Note: PM = prawn monoculture, SM = seaweed monoculture, ISP = integrated seaweed and 
prawn culture. Values in any one row not followed by the same superscript letters are 





4.3.5 Survival, growth and biomass increment of prawns 
The mean growth rate of the prawns was not significantly different (p > 0.05) 
between PM and ISP, (i.e. 0.64 % g day-1 and 0.61 % g day-1, respectively) (Figure 
4.9). Similarly, the increase in prawn biomass in ISP did not significantly differ from 
the PM, reaching 3.99 g and 3.31 g, respectively. However, the prawn biomass gain 
at day 35 and day 42 of the experiment was significantly lower (p < 0.05) than day 7 
of the experiment in the ISP, while there was no significant difference (p > 0.05) in 
the biomass gain of the prawns in the PM treatment over the period of the experiment 
(Figure 4.10).  
 
The presence of the seaweed in prawn culture did not affect the survival of the 
prawns (p > 0.05). The survival rate of the prawns was 55% in the PM and 60% in 
the ISP (Figure 4.11).  
 
 
Figure 4.9  Specific growth rate of prawn biomass in treatments (mean ± S.E.).  
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. 





Figure 4.10  Prawn biomass gain in treatments over the period of experiment 
(mean ± S.E.).  
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. 
The asterisk (*) represents the point from which the concentration of 
nutrients was significant lower (p < 0.05) within a treatment. 
 
 
Figure 4.11 Survival rate of prawn in treatments (means ± S.E.).  
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. 







4.3.6 Growth of seaweed  
The mean specific growth rate (SGR) of the Sargassum is shown in the Figure 
4.10. Culturing Sargassum with prawns resulted in a significantly lower (p < 0.05) 
growth rate than the monoculture of the seaweed. In SM, the SGR was 
approximately 5.7 % g day-1, while SGR of the seaweed in the ISP was 3.16% g day-
1. However, the Sargassum began to die after 7 days of the experiment and 
consequently, the production loss in the subsequent days was seen. One hundred 
percent mortality of seaweed was recorded by the day 28 of the experiment (thallus 
deterioration and disintegration) and then dead seaweed was removed from the tanks.  
 
 
Figure 4.12  Specific growth rate of seaweed in the treatments (mean ± S.E.).  
Note: SM = seaweed monoculture; ISP = integrated seaweed-prawn culture. 
Different letters (a,b…) denote significant difference (p < 0.05). 













Integrating seaweeds into prawn culture has proven to solve several of the 
environmental problems faced by modern aquaculture (Neori 2007). Different 
studies have pointed out that species of the Ulva and Gracilaria genus are ideal 
candidates for the development of integrated culture. For instance, Jiménez del Río et 
al. (1996) designed a system in which Ulva rigida removed more than 90% of DIN 
in the waste water from gilthead seabream (Sparus aurata) cultivation tank. 
Recently, in an integrated treatment of shrimp effluent with oyster (Saccostrea 
commercialis) and macroalgae (Gracilaria edulis), Jones et al. (2001a) found that the 
presence of Gracilaria eduli reduced more than 95% of the ammonium concentration 
in two hours. However, using Sargassum species to treat waste water from 
aquaculture has not been widely applied. For instance, Liu et al. (2004) designed a 
system in which Sargassum enerve reduced the TAN and NO3- concentrations of the 
water by 4-fold in five days (from 80 µM l-1 to 20 µM l-1) under laboratory 
conditions. Therefore, the present study is designed to have a better understanding of 
the effects of the integration of Sargassum sp. species with western king prawn 
culture in terms of nutrient flows, nutrient removal and the performances of the 
cultured species. 
 
4.4.1 Water Quality and Nutrient Removal 
In the present experiment, there was a significant increase in the concentrations 
of the metabolised nitrogen and the total nitrogen at day 28 of the experiment, except 
for NO2- which showed no significant difference over the period of the experiment in 
all treatments (Figure 4.1). In addition, NO2- was generally in the form of DIN at the 
lowest concentration. This suggests that NO2- could have been accumulating in the 
culture system probably due to incomplete nitrification and the kinetic reaction could 
have been controlled by ammonia oxidation over the experimental period (Timmons 
et al. 2002). 
 
The increase in the offloading of the metabolite nitrogen at day 28 of the 
experiment was probably caused by the decaying thallus of the seaweed (Jones 
1999). The thallus of Sargassum began to deteriorate and disintegrate after 7 days of 
the experiment and completely died by day 28 of the experiment. Consequently the 
high concentration of DIN and TN were observed from day 28 until the end of the 
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experiment. Similarly, the DIN was greater than 14 mg l-1 after red seaweed 
(Gracilaria) died when cultivated in black tiger prawn (P. monodon) effluents 
(Marinho-Soriano et al. 2002). However, the TAN and NO2- concentrations remained 
within safe limits for prawn (3.0 mg l-1 and 1.0 mg l-1, respectively) in both the 
prawn monoculture and integrated culture systems (Timmons et al. 2002). 
 
Although phosphorus does not constitute a danger to fish or prawn culture, it 
contributes to the eutrophication process. In the absence of Sargassum, the PO43- and 
TP concentration remained relatively high. The high concentration of PO43- and TP 
observed in the prawn monoculture was probably caused from the uneaten feed and 
excretion by the prawns (Buschmann et al. 1996a). However, integrating Sargassum 
with prawn culture significantly reduced the concentration of phosphorus in the 
tanks. Even though all of the Sargassum died at day 28 of the experiment, the 
concentration of PO43- and TP in the integrated culture still remained relatively lower 
than in prawn monoculture.  
 
Other studies on macroalgae (Ulva pertusa, Gelidum amansii and Sargassum 
enerve) have shown that these species to be more useful in the removal of TAN than 
NO3- from the water (Krom et al. 1995; Naldi & Wheeler 2002; Liu et al. 2004). In 
contrast, Sargassum sp. in the present study was more efficient at removing NO3- 
than TAN. Similarly, green seaweed Codium fragile (Hanisak & Harlin 1978) and 
Chaetomorpha linum (Menéndez et al. 2002), brown seaweed Laminaria 
groenlandica (Harrison et al. 1986), Laminaria saccharina (Ahn et al. 1998) and red 
seaweed Porphyra yezoensis (Hafting 1999) removed NO3- more efficiently than 
TAN. There is an evidence that under conditions of high NO3- and low salinity, 
seaweed is able to metabolise NO3- more rapidly (Lartigue & Sherman 2006). 
Karmer and Fong (2000) found that low salinity resulted in a decline in growth of 
seaweed, but the effects of low salinity are mitigated if inorganic nitrogen 
availability is high (Karmer & Fong 2000; Karmer & Fong 2001). As a consequence, 
seaweed is able to metabolize NO3- more rapidly during high NO3- and low salinity 
conditions (Lartigue & Sherman 2005).  In addition, for some macroalgal species, 
ammonium is a less favourable source of nutrients than nitrate because during 
daylight periods the pH inside the photosynthetic algae increases and thereby reduces 
the pH of the external medium which lead to higher level of volatilise ammonium 
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(Menéndez et al. 2002). Alternatively, in the presence of aeration, ammonium may 
be converted into nitrate by nitrification with high concentrations of oxygen 
(Timmons et al. 2002). In this study, the tanks were provided oxygen at the optimal 
level for the growth of the prawns and hence conversion of ammonium to nitrate 
form.  
 
The removal efficiency of both DIN and TN by Sargassum in the present study 
were generally higher (35.82-52.57% and 34.68-61.94%, respectively) than the 
values previously reported in literature. For instance, Gracialaria longissima 
removed only 17% of DIN when integrated with fish (Sparus auratus) culture 
(Hernández et al. 2005). Gracilaria tikvahiae removed around 10-14% of the 
nitrogen in the effluent pond which was used for the intensive culture of the Pacific 
white prawns (Litopenaeus vannamei) (Kinne et al. 2001). Therefore, Sargassum sp. 
has a great potential to act as a nitrogen sink when integrated with western king 
prawn culture.  
 
Various studies have shown that several seaweed species have high biofiltering 
capacities and thus can contribute to efficient removal of dissolved N and P waste 
from fish or prawn ponds (Ryther et al. 1981; Neori et al. 1991; Troell et al. 1999; 
Jones et al. 2001a; Nelson et al. 2001; Neori et al. 2004). Most of the studies are 
focused on dissolved N removal (especially ammonium) (Neori et al. 1996). In 
contrast, few studies have addressed the efficiency of P removal. Recently, Jones et 
al. (2001a) reported that G. edulis was able to remove up to 95% of PO43- when 
cultivated in prawn effluents. In the present experiment, Sargassum was able to 
remove approximately 65.85% of the PO43- and 37.04% of TP during the experiment. 
However, compared with the majority of other seaweeds, the performance of 
Sargassum in phosphate removal in this study was relatively high. For instance, 
integrating Gracilaria chilensis and salmon culture resulted in the removal of 32% of 
the PO43- from the fish farm (Buschmann et al. 1996b). Studies on other seaweed 
species have also shown relatively low removal efficiency for PO43- (DeBoer et al. 
1978; Neori et al. 1996). Neori et al. (1998) reported that Ulva lactuca and 
Gracilaria conferta removed less than 25% of the PO43- from an integrated system. 
Troell et al. (1997) showed that G. chinensis would be capable of removing 27% of 
the phosphate from salmon cages. The finding in the present study therefore shows 
46 
 
the potential ability of Sargassum to effectively reduce the phosphorus concentration 
when integrated with prawn culture, and thus the quality of water for prawn culture. 
This has significant management implication for water quality, especially in relation 
to the possibilities for improving the discharged water into the receiving water.  
 
Overall, integrating seaweed with prawn culture resulted in relatively lower 
concentrations of DIN, TN, PO43- and TP than in the prawn monoculture. This 
indicates that Sargassum probably absorbed dissolved nutrients in the integrated 
system and thereby significantly reduced the concentrations of nutrients (N and P) in 
the waste water. Previous studies by Neori et al. (1996) and Troell et al. (1999) 
proved the role of seaweeds in reducing the risks of deterioration in water quality and 
of nutrient release to the surrounding environment when integrated with mariculture. 
The results of the present experiment emphasises the role of Sargassum sp. seaweeds 
to improve the water quality in prawn culture. 
 
4.4.2 Nutrient budget 
The determination of the nutrient budget in fish or prawn ponds enables one to 
determine the major sources and sinks of nutrients in the system, and how they vary 
with different conditions in aquaculture systems (Funge-Smith & Briggs 1998). 
Nutrient budgets have been constructed for coldwater marine fish farms (Beveridge 
1984), warm brackish water and marine fish ponds (Krom et al. 1985ab; Krom & 
Neori 1989), but the dynamics and quantification of nutrient flows in integrated 
seaweed and prawn culture system have yet to receive any attention. Therefore, this 
experiment aimed to analyse the sources and sinks of nitrogen and phosphorus in an 
integrated seaweed and prawn system in order to: (a) further understand and quantify 
the nutrient cycling processes operating under integrated culture system, (b) derive 
data to help define effective methods for reducing water and sediment quality 
problems within prawn culture, and (c) quantify the pathways of nutrient loss to the 
environment to enable the definition of the most appropriate methods for reducing 
these losses from prawn culture. 
 
Based on the calculation of nutrient budgets, these results obtained from the 
present study suggest that integrating seaweed with prawn culture could generally 




Feed is normally the greatest source of nitrogen in fish or prawn ponds. For 
example, feed accounted for 88% of nitrogen input in striped bass (Morone saxatitis) 
ponds (Daniels & Boyd 1989) and 92% of N as feed in intensive prawn culture 
(Briggs & Funge-Smith 1994). In this experiment, feed was also the major source of 
nitrogen, contributing up to 62.27% in PM and 47.53% in ISP. These rates were low 
when compared with previous studies (Funge-Smith & Briggs 1998; Teichert-
Coddington et al. 2000). The amount of nitrogen assimilated into prawn biomass is a 
minor fraction of the total N applied as feed. In the present study, 17.69% and 
18.99% of N applied as feed was converted to prawn flesh in PM and ISP, 
respectively. This result is in close agreement with the findings of Funge-Smith & 
Briggs (1998) in Thailand, Jackson et al. (2003b) in Australia and Lemonnier & 
Faninoz (2006) in New Caledonia who reported that about 18-27% of input nitrogen 
was assimilated into prawn in an intensive prawn system.  
 
Intake water had a low concentration of N (0.17 mg/l of total nitrogen in all 
treatments) and therefore, accounted for a minor source of nitrogen input in both PM 
and ISP (12.09 and 10.11%, respectively). These results are in contrast to the reports 
by Teichert-Coddington et al. (2000) and Shahidul Islam et al. (2004) which showed 
that approximatrly 55- 63% of nitrogen input came from intake water. Differences in 
experimental conditions or techniques may explain the differences in contribution of 
nitrogen sources. Teichert-Coddington et al. (2000) and Shahidul Islam et al. (2004) 
conducted their studies in ponds, while the present study was conducted in the 
laboratory. However, at the end of the experiment, the proportion of nitrogen in 
waste water in ISP was less than a third of those of PM. The water contributed 
30.52% of nitrogen added to the PM, whereas only 20.93% in ISP. This resulted in 
the high concentration of nitrogen (approximately 13 mg l-1) in the water of PM at 
the end of the experiment. Based on these results, it can be assumed that integrating 
Sargassum with prawn culture assisted in improving environmental conditions. On 
the other hand, intake water accounting for the majority of nitrogen input in SM 
(59.26%) because there were two sources contributed nitrogen to SM, including 
intake water and seaweed. During the experiment, although no nutrient was added to 
the SM, the high proportion (28.99%) of nitrogen lost through the water was 
recorded at the end of the study, probably due to the nitrogen leaching from 
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decomposing dead seaweed. This resulted in a decline in water quality (Qian et al. 
1996). Eventually, nitrogen could escape to the atmosphere in gaseous forms after 
denitrification process was completed. 
 
It is also important to determine the role of wastes in nutrient dynamics in prawn 
production systems. In this experiment, wastes accounted for nitrogen input of 
23.42% in ISP and 27.81% in PM. According to Briggs & Funge-Smith (1994), a 
significant proportion of the nitrogen output is found in the wastes after each culture 
cycle. Better waste management practices within culture cycles can substantially 
reduce the cumulative accumulation of organic matter in the wastes, resulting in 
better water quality and reducing wastes in prawn ponds. 
 
When calculating nitrogen budgets for fish or prawn ponds, denitrification and 
diffusion process are two potential losses of N in the atmosphere and are rarely 
measured directly (Briggs & Funge-Smith 1994; Hopkins et al. 1995; Jackson et al. 
2003b). Denitrification is the reduction of nitrate (NO3-) to gaseous N2. Volatilisation 
is transmission of NH3 from the water column to the atmosphere. Therefore in most 
studies, including the present one, these factors are estimated indirectly as the 
difference between the nitrogen inputs and outputs. In the present study, 50.30% of 
nitrogen in the SM was unaccounted for, probably due to nitrogen lost to the 
atmosphere as N2 or ammonia (Funge-Smith & Briggs 1998). On the other hand, 
only 5% of the input nitrogen in the PM and 9.12% in ISP treatments was 
unaccounted for in this experiment. Varying results have been obtained in other 
studies, ranging from 3% to 66% of total nitrogen input (Funge-Smith & Briggs 
1998; Páez-Osuna et al. 1999; Lemonnier & Faninoz 2006). However, most 
estimated less than 15% of nitrogen was lost to the atmosphere (Briggs & Funge-
Smith 1994; Martin et al. 1998). A lower value of 6.5% was reported by Teichert-
Coddington et al. (2000) and 3% by Jackson et al. (2003b) for nitrogen loss via 









The contribution of feed to phosphorus input in the present study was observed to 
be the greatest source of phosphorus to the prawn tanks, contributing 66.55% in PM 
and 50.10% in ISP. This is in close agreement with Funge-Smith & Briggs (1998) 
and Teichert-Coddington et al. (2000) who reported feed as the principal source of 
phosphorus in prawn culture. It has been reported that, over time, an average of about 
20-35% of the phosphorus added to the system can be retained in fish (Green & 
Boyd 1995; Boyd & Tucker 1998). However, lower conversion rates of phosphorus 
input were recorded in both PM and ISP in the present study. At the conclusion of 
the experiment, 14.14% of the phosphorus input as feed in PM and 13.79% in ISP 
were incorporated into prawn biomass. These results were comparable with those of 
Briggs & Funge-Smith (1994) and Shimoda et al. (2005). They indicated that only 
13% of the feed input of phosphorus was incorporated into the prawn bodies at 
harvest.  
 
According to Munsiri et al. (1995), phosphorus accumulates mostly in the wastes 
over time. In this experiment, the budget figures have shown that the wastes 
accounted for a major proportion of P loss in the prawn tanks, with 42.63% in PM 
and 35.67 in ISP. Similarly, Briggs & Funge-Smith (1994) indicated that up to 84% 
of phosphorus was retained in the wastes and water. In this study, a small proportion 
of phosphorus in waste water was observed in the PM (14.02%) and ISP (22.91%). 
This was expected, as waste water from pond always contains much less phosphorus 
than the amount added in feeds because most of the phosphorus is lost to the solid 
wastes (Boyd & Tucker 1998). 
 
A minor proportion of input phosphorus was unaccounted for in the budget (1-
5%). This discrepancy may be explained by phosphorus loss through leaching when 
drained off the water at the end of the experiment. 
 
4.4.3 Survival and growth of prawn  
Survival, growth and biomass increment are the main concerns in the operation 
of a commercial aquaculture farm. Survival of the prawn in all of the experimental 
tanks was higher than 55%. This rate is higher than another study which was 13.64 – 
40.91% after 30 days of the experiment (Sang 2003). No significant difference in the 
50 
 
survival rates of prawn in PM and ISP is evidence that the incorporation of 
Sargassum into prawn culture has no effect on the survival of the prawns.  
 
No significant difference in either the mean weight or the SGR of the prawns was 
found between PM and ISP. This indicates that Sargassum did not alter the growth 
performance of the prawns. Similarly, Lombardi et al. (2006) reported no significant 
differences in weight gain between monoculture and integrated culture systems when 
seaweed (Kappaphycus alvarezii) was integrated into Pacific white prawn 
(Litopenaeus vanamei) culture. Compared with studies on P. monodon (Chen et al. 
1989; Thakur & Lin 2003), the SGR of western king prawns in both the monoculture 
and integrated culture systems in this experiment was high, possibly as a result of 
lower stocking densities. In the present study, the stocking density of the western 
king prawns was 18 prawns per m2, while P. monodon were stocked at 
approximately 70 postlarvae per m2 (PL25-27) by Chen et al. (1989) and 20-25 
juveniles per m2 by Thakur & Lin (2003). 
 
4.4.4 Growth of seaweed 
The growth rate of Sargassum is different under different environmental 
conditions (Gellenbeck 1984; Guimaraens 1999).  By integrating seaweed with 
prawn culture, the growth rate of seaweed in ISP was lower than in the SM. This was 
probably due to the excessive increase of dissolved inorganic nutrient concentrations 
observed during the last days of the experiment. There was an increase in the nutrient 
concentration during the last days of experiment due to decaying and dying seaweed. 
Tacon & Forster (2003) reported that aquatic animal culture releases large amount of 
nutrient in the form of metabolite wastes which led to nutrient enrichment of the 
water column. There is evidence from previous studies, using different species of 
seaweed (Ulva and Gracialria), that high nutrient levels can result in an inhibition in 
the growth rate of seaweed (Waite & Mitchell 1972; Parker 1982; Lignell & 
Pedersén 1987; Marinho-Soriano et al. 2002). High nutrient levels have also been 
shown to inhibit the growth of Sargassum (Schaffelke & Klimpp 1998; Diaz-Pulido 
& McCook 2005). Liu et al. (2004) also reported that the increase in fresh weight 
gain of Sargassum enerve was slower at high nitrogen concentration. This is in 
agreement with the finding by Larned (1998) who reported that Sargassum 
echinocarpum could maintain a positive growth rate without nitrogen enrichment. 
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Furthermore, the nutrient thresholds for the optimum growth rate of Sargassum 
species are low, ranging from 3 to 5 µM (equivalent to 0.03-0.05 mg l-1) for TAN,  6-
15 µM (equivalent to 0.06-0.17 mg l-1) for (NO3- + NH4+) and 0.3-0.75 µM 
(equivalent to 0.014-0.035 mg l-1) for PO43- (Schaffelke & Klimpp 1998; Ray-Lien 
Hwang et al. 2004). Lower and unexpected higher nutrient concentrations resulted in 
reduced growth rates (Schaffelke & Klimpp 1998). However, on day 7 of the present 
experiment, concentrations on excess of these values were recorded, specifically, 
0.67 mg l-1 for TAN, 0.845 mg l-1 for (NO3- + NH4+) and 0.14 mg l-1 for PO43-. High 
nutrient levels have also been shown to inhibit the growth of the brown seaweed, but 
the mechanisms behind that inhibition remain unclear (Ogawa 1984; Burridge & 
Bidwell 2002). It seems that the mechanism(s) may involve a toxic effect due to 
higher levels of nutrients. Elevated nutrient concentrations, particularly of 
ammonium, may inhibit the capacity to assimilate nutrients by altering the electron 
transport chain, and may affect enzyme and membrane functions (Peckol & Rivers 
1995; Kevekordes 2001). 
 
Realistic growth data of seaweed in the present experiment could be collected 
only during the first seven days of the experiment. Subsequent, growth rate could not 
be determined due to the deterioration and eventual death of the seaweed at day 28, 
as all thalli began to lose weight. The deterioration of thalli was probably due to 
changes in physical environmental conditions during the experiment. The physical 
environmental factors including temperature, salinity and light can play an important 
role in the growth of marine macroalgae (Lobban et al. 1985). Jones (1999) assumed 
that the temperature, water flow rate or light availability under laboratory conditions 
are not adequate for macroalgae growth, resulting in a higher rate of biomass 
decaying than biomass production. The current experiment was conducted at a 
temperature of 25-260C, 12:12 h light:dark cycle and salinity level of 28-29 ‰.  As 
optimum temperature was maintained in this experiment, it is assumed that the 
temperature in this experiment did not affect the growth performance of Sargassum 
species (Hanisak & Samuel 1987; Ray-Lien Hwang et al. 2004). Therefore, it seems 
that other factor (e.g. light and salinity) was involved in the performance of 
Sargassum when it was cultivated together with the prawns. The low light density in 
the laboratory conditions may cause the loss of seaweed biomass (Appendix 4). If the 
light density is not adequate for Sargassum growth, eventually there will more 
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organic nutrients decaying than being produced. Hanisak & Samuel (1987) reported 
that the optimal salinity range for growth of several Sargassum species such as S. 
flutans and S. natans is 36-42‰. However, in this study, salinity ranged from 28 to 
29 ‰ and could have affected the performance of the seaweed. Moreover, 
Sargassum sp. used in this study was collected from Cottesloe beach, Western 
Australia where the salinity is at 35-36 ‰.   
 
4.4.5 N, P and N:P ratio in prawn and seaweed tissue 
The results of this study indicate that the presence of Sargassum in prawn culture 
does not alter the assimilation of N and P into prawn biomass. After 42 days of the 
experiment, the nitrogen and phosphorus contents of the king prawns were with 
10.51% and 1.72% in PM, 10.89% and 1.81% in ISP, respectively. These results are 
similar to previous studies by Briggs & Funge-Smith (1994) and Teichert-
Coddington et al. (2000) who found that the nitrogen and phosphorus contents were 
11.5% and 1.19% in black tiger prawns (P. monodon), and 11.2% and 1.25% in 
whiteleg prawns (P. vannamei), respectively. The final N:P ratio in prawn tissue in 
both PM and ISP did not differ from the initial values.  
 
It is expected that, most of the nitrogen and phosphorus striped from the water 
within an integrated culture system be accounted for by subsequent gains in 
macroalgae biomass. The N:P ratio for optimal seaweed growth is within the range 
of 13-15. The N:P ratio < 13-15 indicates N limitation and N:P > 13-15 indicates P 
limitation. The N:P ratio is also an indicator used to assess the efficiency in the 
removal of nutrients from the aquaculture system. The initial N:P ratio of Sargassum 
used in this experiment was 9.87, thereby indicating N limitation. Presumably, this 
explains the rapid uptake of P observed after day 7 of the experiment. Unfortunately, 
in the present study, the tissue N and P content was lost during the experiment. Due 
to the dealth of the seaweed at day 28, the tissue nitrogen and phosphorus contents 
were released to the tanks water and the toal nitrogen and phosphorus biomass of 
seaweed produced was not determined at the end of the experiment. Therefore, 
neither tissue N and P nor molar ratio of N:P in seaweed could be determined. 





CHAPTER 5  
The effect of stocking density of prawns at two seaweed densities 
 
5.1 Introduction 
Past research has demonstrated that a number of macroalgae species have the 
capacity to improve water quality when integrated into prawn culture (Liu et al. 
1997; Chuntapa et al. 2001; Nelson et al. 2001; Chuntapa et al. 2003). Chapter 4 
showed that the seaweed Sargassum has potential to remove nutrients when they 
were cultured together with western king prawns. Prawn performance in terns of 
growth and survival remained unaffected in the integrated culture system. In contrast, 
the performance of seaweed suffered and the death of seaweed occurred in the last 
days of the experiment. Whether the performance of prawns and seaweed can be 
improved through changes in the stocking density of those species is not known. 
According to Troell et al. (2003) and Neori et al. (2004), the stocking biomass of 
species in an integrated system has the potential to influence the performance of the 
cultured species. For example, the growth and survival of several prawn species such 
as Litopenaeus vannamei, Penaeus indicus and Penaeus monodon were significantly 
affected by stocking density (Nga et al. 2005; Arnold et al. 2006). Similarly, 
Vandermeulen & Gordin (1990) reported that the growth rate of seaweed was linked 
to stocking density. Therefore, the experiments described in this chapter aim to 
evaluate the effect of changes in stocking biomass of either prawns or seaweed on 
the performances of those species and nutrient flow in an integrated seaweed prawn 
(ISP) aquaculture system. 
 
5.2 Materials and methods 
5.2.1 Materials and experimental design 
Ninety western king prawns (5.08 g ± 0.39) were acclimated in two 250-L tank 
containing ocean water for 21 days. They were then weighed to obtain total initial 
biomass. During the experimental period, prawns were weighed weekly to obtain the 
data required for growth determination. The survival of the prawns in each tank was 
also recorded over the period of experiment.  
 
Two experiments were carried out, Experiment 1 and Experiment 2. In both 
experiments, the stocking biomass of the prawns was increased by 10% (ISP1), 20% 
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(ISP2) and 30% (ISP3) of the stocking density to that of experiment described in 
Chapter 4 (Table 5.1). The Experiment 2 had a half of seaweed biomass than 
Experiment 1 in all its treatments. 
 
In Experiment 1, The Sargassum was cultivated at 0.5 kg m-2 (equivalent to 140 
g per tank) for all treatments (ISP1-1, ISP2-1 and ISP3-1). In Experiment 2, the 
seaweed was cultivated at a stocking density of 0.25 kg m-2 (equivalent to 70 g per 
tank) for all treatments (ISP1-2, ISP2-2 and ISP3-2) (Table 5.1). Seaweed was 
collected from the tanks every 10 days, cleaned, weighed and replaced after 
readjusting to starting biomass. When necessary, thalli of separately cultivated plants 
were used to replace any loss of fond that occurred in any tanks. 
 
Table 5.1  Prawns (Penaeus latisulcatus) and seaweed (Sargassum sp.) stocking 
density in Experiment 1 and 2. 
Experiment Treatment Prawn stocking 
density (g m-2) 
Seaweed stocking 
density (g m-2) 
Prawn:Seaweed 
ratio 
Experiment1 ISP1-1 106 500 1:4.72 
 ISP2-1 116 500 1:4.31 
 ISP3-1 126 500 1:3.97 
Experiment 2 ISP1-2 106 250 1:2.36 
 ISP2-2 116 250 1:2.16 
 ISP3-2 126 250 1:1.98 
Note: ISP – integrated seaweed-prawn culture 
 
Both experiments were conducted for 21 days each under laboratory conditions. 
All treatments had 3 replicates each which were arranged in a LSD design (Figure 







































Figure 5.2  Experiment 2 tank layout (front view). Note: ISP = integrated seaweed-
prawn culture. 
 
Analysis procedures and data collection method used are described in Chapter 3 
of Materials and Methods.  
 
5.3 Results 
5.3.1 Water quality 
Mean temperature and dissolved oxygen (DO) were 21.60-22.480C and 5.81-6.16 
mg l-1, respectively over the experimental period. The pH of water ranged from 7.43 
to 8.07, which was within the optimum range of prawn culture (Allan & Maguire 
1992a; Wang, Wei-Na et al. 2002). The salinity of the water was maintained at 
35.14-36.19‰ over the experimental period because Sargassum sp. was colleccted 
from Cottesloe beach where salinity level is at 35-36‰. This salinity was still within 
the optimum range for both prawn culture (Sang 2003; Prangnell 2007). During the 
experiment, evaporation losses were compensated by the addition of distilled water 
to maintain the salinity approximately 35-36‰ (Appendix 2, Table II). 
 
Changes in water quality parameters in the integrated culture systems of the two 
experiments are shown in Figure 5.3 and 5.4.  
 
In Experiment 1 (Figure 5.3), no significant differences (p > 0.05) were observed 
in the TAN, nitrite (NO2-), nitrate (NO3-), DIN, total nitrogen, PO43- and total 
phosphorus among the treatments over the experimental duration (Figure 5.3). 
However, the concentration of TAN, DIN, total nitrogen, and PO43- in all treatments 
increased significantly (p < 0.05) by day 14 and 21 of the experiment. Within each 
treatment, the NO2- concentration increased significantly (p < 0.05) by day 14 of the 
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experiment and was stable until the end of the experiment. However, the NO2- 
concentration remained below 1 mg l-1 throughout the experiment with the highest 
values in ISP3 (0.57 mg l-1). The concentration of NO3- did not change significantly 
(p > 0.05) in any treatment until day 14 of the experiment. However, significantly 
higher values (p < 0.05) were recorded at the end of the experiment. The total 
phosphorus increased significantly (p < 0.05) in all treatments over time. 
 
In Experiment 2, there were no significant differences (p > 0.05) in the 
concentration of TAN, NO2-, NO3-, DIN, total nitrogen, PO43- and total phosphorus 
among treatments (Figure 5.4). However, from day 7 onwards, the concentrations of 
TAN, DIN, total nitrogen, PO43- and total phosphorus within each treatment, were 
significantly higher (p < 0.05) when compared to the previous sampling time and the 
highest values were obtained at the end of the experiment. NO2- concentration did 
not significantly change (p > 0.05) until day 14 of the experiment. NO2- 
concentration was significantly higher (p < 0.05) during the last sampling time, but 
remained below 1.0 mg l-1, except in ISP2. After 7 days of the experiment, the 
concentration of NO3- was higher (p < 0.05) than the beginning of the experiment, 



















Figure 5.3  Water quality in Experiment 1 over 21 days (mean ± S.E.). Note: ISP = 
integrated seaweed-prawn culture.  
The asterisk (*) represents the point from which the concentration of water 







Figure 5.4   Water quality in Experiment 2 over 21 days (mean ± S.E.). Note: ISP = 
integrated seaweed-prawn culture.  
The asterisk (*) represents the point from which the concentration of water 





5.3.2 Growth and survival of prawns 
At the end of the experiments, no significant differences (p > 0.05) were 
observed in the survival rates of the prawns among all treatments in either 
experiment (Figure 5.3). The survival of prawns in all treatments of Experiment 1 
was approximately 93%, while the survival rates of prawns in Experiment 2 were 
83% in ISP1-2, 66% in ISP2-2 and 82% in ISP3-2. 
 
The specific growth rate (SGR) of prawns was significantly higher (p < 0.05) 
SGR at the stocking density of 106 g m-2 (ISP1-1) than other densities in both 
experiments (Figure 5.4). After 21 days, the mean SGR of prawns in ISP1-1 was 
0.69 % g day-1 (ranging from 0.59-0.84 % g day-1), while mean SGR of prawns 
ranged between 0.46-0.55 % g day-1 in other treatments in both experiments.  
 
 
Figure 5.5   Survival rate of prawns in different treatments (mean ± S.E.).  
Note: ISP = integrated seaweed-prawn culture. Same letter denotes no 































Figure 5.6  Specific growth rate (SGR) of prawns over the study period (mean ± 
S.E.).  
Note: ISP = integrated seaweed-prawn culture. Different letters (a,b) denote 
significant differences (p < 0.05) between treatments. 
 
 
5.3.3 Growth of seaweed 
The specific growth rate of the Sargassum is presented in Figure 5.5. Results 
showed the growth rates of Sargassum varied between treatments, ranging from 
2.98% to 3.62 % g day-1 over the period of the Experiment 1 and 1.79% to 2.83% g 
day-1 in Experiment 2. After 10 days, there were significant differences (p < 0.05) in 
the SGR of Sargassum among treatments in both experiments. The highest SGR was 
observed in the ISP1-1, with approximately 3.5 % g day-1, while the ISP3-2 
presented the lowest SGR with only 1.84 % g day-1.  
 
At day 21 of each experiment, no significant differences (p > 0.05) in seaweed 
were found among the treatments within each experiment. However, the overall 
values of the SGR obtained in Experiment 1 were significantly higher (p < 0.05) than 
the treatments in Experiment 2. The range of the SGR in Experiment 1 was 3.20 - 






Figure 5.7  Specific growth rate of seaweed in treatments (mean ± S.E.).  
Note: ISP = integrated seaweed-prawn culture. Different letters (a,b,…) 
denote significant differences (p < 0.05). 
 
5.3.4 Conversion rates of nitrogen and phosphorus  
The nitrogen content of the commercial feed pellets for prawns was 5.34% (dry 
weight). The concentration of nitrogen in the prawn tissue at the commencement of 
the experimental period was 9.43% and this did not change significantly (p > 0.05) 
within each treatment over the experimental period, ranging from 9.22 to 9.54% 
(Table 5.2). No significant difference (p > 0.05) in the conversion rates of feed 
nitrogen into prawn biomass was found between treatments within each experiment 
(Figure 5.8). However, the conversion rate of nitrogen in the ISP1-1 (23.70%) was 
significantly higher (p < 0.05) than in the ISP3-2 (17.80%).  
 
The concentration of nitrogen in seaweed tissue did not change significantly (p > 
0.05) over the experimental period (Table 5.2). The conversion rate of feed nitrogen 
into seaweed biomass showed a decreasing trend (p < 0.05) with decreasing seaweed 
stocking density, with the lowest value (12.15%) observed in ISP3-2 which had the 
highest prawn stocking density (Figure 5.9). However, no significant differences (p > 
0.05) in nitrogen conversion were observed in the treatments within each experiment, 





Table 5.2    Initial and final concentrations of nitrogen (%) in prawns (Penaeus 
latisulcatus) and seaweed (Sargassum sp.) tissues in Experiment 1 
and 2 (mean ±S.E.). 
Treatments  Prawns Seaweed  
 Initial  Final  Initial  Final  
ISP1-1 9.43±0.03a 9.47±0.10 a 1.72±0.05 a 1.87±0.03a
ISP2-1 9.43±0.03 a 9.51±0.10 a 1.72±0.05a 1.90±0.05a
ISP3-1 9.43±0.03a 9.54±0.10a 1.72±0.05a 1.89±0.04a
ISP1-2 9.22±0.02a 9.54±0.12a 1.68±0.03a 1.75±0.02a 
ISP2-2 9.22±0.02a 9.43±0.13a 1.68±0.03a 1.68±0.08a 
ISP3-2 9.22±0.02a 9.40±0.05a 1.68±0.03a 1.70±0.01a 
Note: ISP = integrated seaweed-prawn culture. Values in one column followed by the same 
letters are not significant differences (p > 0.05) 
 
Figure 5.8 Conversion rates of nitrogen into prawn biomass (mean ± S.E.).  
Note: ISP = integrated seaweed-prawn culture. Different letters (a,b…) 
denote significant differences (p < 0.05). 
 
Figure 5.9 Conversion rates of nitrogen into seaweed tissue (mean ± S.E.).  
Note: ISP = integrated seaweed-prawn culture. Different letters (a,b…) 




The phosphorus content of the feed pellets was 1.78% dry weight. The 
phosphorus content in the initial samples of prawns was 1.14 (dry weight). At the 
end of the experiments, no significant differences between treatments were found in 
the phosphorus content of prawn tissue, which ranged from 1.27 to 1.42% in prawn 
tissue (Table 5.2). The phosphorus conversion rates ranged from 13.98 to 17.37% in 
the prawns and from 25.64 to 30.32% in the seaweed, without significant differences 
(p > 0.05) between treatments within an experiment. However, a significantly higher 
(p < 0.05) phosphorus concentration in prawn tissue was observed in Experiment 1 
than in Experiment 2 (Figure 5.10). 
 
The phosphorus content in the initial seaweed samples was not significantly 
different between the two experiments (0.51% dry weights in Experiment 1 and 
0.46% in Experiment 2). At the end of the experiments, there were no significant 
differences (p > 0.05) in the concentration of phosphorus among the treatments in 
both experiments (Table 5.3). Consequently, the conversion rate of phosphorus into 
seaweed biomass was not significantly different (p > 0.05) among the treatments 
(Figure 5.11). 
 
Table 5.3:  Initial and final concentrations of phosphorus (%) in prawns (Penaeus 
latisulcatus) and seaweed (Sargassum sp.) tissues in Experiment 1 
and 2 (mean ±S.E.). 
Treatments  Prawns Seaweed 
 Initial  Final  Initial Final  
ISP1-1 1.14±0.02 a 1.27±0.10 a 0.51±0.03 a 0.64±0.10 a
ISP2-1 1.14±0.02 a 1.30±0.02 a 0.51±0.03a 0.71±0.10a
ISP3-1 1.14±0.02a 1.42±0.03 a 0.51±0.03a 0.59±0.60a
ISP1-2 1.13±0.01a 1.30±0.06a 0.46±0.01a 0.73±0.06a 
ISP2-2 1.13±0.01a 1.43±0.22a 0.46±0.01a 0.65±0.05a 
ISP3-2 1.13±0.01a 1.22±0.08a 0.46±0.01a 0.69±0.06a 
Note: ISP = integrated seaweed –prawn culture. Values in one column followed by the same 








Figure 5.10  Conversion rates of phosphorus into prawn biomass (mean ± S.E.). 
Note: ISP = integrated seaweed-prawn culture. Different letters (a,b…) 
denote significant differences (p < 0.05). 
 
 
Figure 5.11  Conversion rates of phosphorus into seaweed tissue (mean ± S.E.). 
Note: ISP = integrated seaweed-prawn culture. Same letter denotes no 
significant difference (p > 0.05). 
 
5.3.5 Nutrient uptake rates 
There were significant differences (p < 0.05) in the nitrogen and phosphorus 
uptake rates among treatments in both experiments (Table 5.4). Mean nitrogen 
uptake rates based on N content in the thalli were estimated at 0.60, 0.59 and 0.55 
mg N g dry wt-1 day-1 in ISP1-1, ISP2-1 and ISP3-1, respectively, whereas 0.49, 0.32 
and 0.33 mg N g dry wt-1 day-1 were recorded in ISP1-2, ISP2-2 and ISP3-2, 
respectively. Higher phosphorus uptake rates were observed in Experiment1 (0.21-




When data from the two experiments were pooled together, a strong positive 
correlations between stocking density of seaweed and the mean uptake rates of 
nitrogen (r2=0.70, p<0.001; Figure 5.10) and phosphorus (r2=0.84, p < 0.001; Table 
5.5) was observed. At the higher stocking density of seaweed (0.5 kg m-2), the mean 
nitrogen and phosphorus uptake rates were greater than at the lower stocking density 
(0.25 kg m-2). Similarly, the mean uptake rates of nitrogen and phosphorus had the 
strong positive effects on the SGR of seaweed in the integrated culture (Table 5.5). 
The treatment groups with the higher biomass of seaweed were found to have the 
highest mean nitrogen and phosphorus uptake rates (p < 0.001). 
 
Table 5.4  Nutrient uptake rates of seaweed in two experiments. 
Experiments Treatments Nitrogen  
(mg N g dry wt-1 day-1) 
Phosphorus  
(mg P g dry wt-1 day-1) 
Experiment 1 ISP1-1 0.66 ± 0.03a 0.21 ± 0.02a 
 ISP2-1 0.59 ± 0.03b 0.24 ± 0.01ab 
 ISP3-1 0.55 ± 0.02bc 0.25 ± 0.01b 
Experiment 2 ISP1-2 0.49 ± 0.01c 0.16 ± 0.002c 
 ISP2-2 0.32 ± 0.07d 0.14 ± 0.01c 
 ISP3-2 0.33 ± 0.03d 0.13 ± 0.002c 
Note: ISP = integrated seaweed-prawn culture. Values in one column followed by the 
different letters are significant differences (p < 0.05). 
 
Table 5.5  Regression equations and coefficients (R2) for the correlations 
between variables from data in two experiments combined. Data 
shown is pooled results from Experiment 1 and Experiment 2 (p < 
0.05). 
Factor (x,y) Regression equation R2 
SD of seaweed, UmeanN  y = 0.8811x + 0.161 0.700 
SD of seaweed, UmeanP  y = 0.378x + 0.0468 0.839 
SGR of seaweed, UmeanN y = 0.1921x - 0.0244 0.962 
SGR of seaweed, UmeanP y = 0.0679x + 0.0061 0.784 
SD = stocking density (kg m-2), SGR = specific growth rate (% g day-1), UmeanN = mean 









5.4.1 Growth and survival of prawns 
The survival rate of prawns was not significantly different in either experiment, 
which suggests that the changes in stocking density of the prawns and seaweed had 
no effect on the survival of the prawns. The increasing stocking density of prawns by 
10, 20 and 30% for these experiments compared to the previous study (as described 
in the materials and methods section of chapter 4) had not affected prawn survival 
too. This contention is in agreement with the observation of Allan & Maguire 
(1992b) who reported that increasing stocking densities from 5 to 40 prawns m-2 had 
no effect on survival of black tiger prawn (P. monodon). The main cause of prawn 
mortality in all treatments may have been due to cannibalism as prawns were 
particularly vulnerable while moulting and thus reduced survival rate of prawns.  
 
A significantly higher growth rate of prawns was observed in the ISP1-1. 
Measured water quality parameters (TAN, NO2-, NO3-, DIN, PO43-, total nitrogen and 
total phosphorus) remained within a safe range for prawn culture and did not vary 
between treatments or experiments therefore, it is unlikely that water quality resulted 
in the difference in SGR (Chen et al. 1990). The variation in the SGR of prawns is 
likely to be due to the variation in their stocking densities (Haque et al. 2003). 
According to Forster & Beard (1974) and Sandifer & Smith (1975), a high density of 
prawns can have a detrimental effect on the growth rate in a closed system which 
supports the present findings. However, when the stocking density of seaweed 
decreased to 0.25 kg m-2 for all treatments in Experiment 2, the SGR of prawns was 
lower than in the ISP1 of Experiment 1 and did not change over time. This indicates 
that the decreasing the stocking density of seaweed had a negative effect on the 
growth of prawns. The highest SGR of prawns was observed when prawns were 
cultured at the stocking density of 106 g m-2 and stocking density of seaweed was 0.5 
kg m-2 (i.e. ISP1-1 with the prawn-seaweed ratio of 1:4.72). This finding is 
supported, and can be explained by, the higher conversion rates of nitrogen and 
phosphorus from feed into prawn biomass in all treatments of Experiment 1 when 
compared to Experiment 2 (Figure 5.8 and 5.10). This is in agreement with the 
findings of Muangkeow et al. (2007) who reported that the growth rate of Pacifiv 




5.4.2 Growth of seaweed 
Comparison of the results of the two experiments in this study indicates that the 
growth of Sargassum was higher when the stocking density was 0.5 kg m-2 in 
comparison with the stocking density of 0.25 kg m-2. The observed specific growth 
rates for Sargassum in all treatments in Experiment 1 were similar to those described 
by previous chapter (chapter 4), whereas, the SGR in Experiment 2 was lower, 
ranging from 1.84 to 2.83% g day-1. These results are in agreement with the findings 
by Mwandya et al. (2001) who reported that the daily growth rate of Ulva reticulate, 
Eucheuma denticulatum and Gracilaria crassa increased with an increase in stocking 
density of seaweed. According to Troell et al. (2003) and Neori et al. (2004), there 
are several factors that affect to growth of seaweed and seaweed stocking density is 
one of the key factors. In this study, the decrease in seaweed stocking density in 
Experiment 2 probably reduced the growth of Sargassum. Reported optimum 
densities for maximum growth of seaweed in tanks cultures vary, depending on the 
species. For example, Lapointe & Tenore (1981) found that the stocking density of 
0.8 kg fresh weight m-2 gave the maximum growth of Ulva. Similarly, Hurtado-
Ponce et al. (1992) found that the appropriate stocking density of a number of 
Gracilaria species is 0.5-1 kg m-2. Westermeier et al. (1993) found that a stocking 
density of 1.2 kg m-2 in a Gracilaria rope culture could increase annual production 
by up to 29% when compared to a 0.6 kg m-2 stocking density. However, the growth 
rate of Sargassum in Experiment 2 was similar to those reported by other studies for 
a number of seaweed species. For example, growth rates for red seaweed (Gracilaria 
bailinae), which was integrated with milkfish (Chanos chanos), range, from 2.27 to 
2.54% g day-1 (Guanzon et al. 2004).  
 
Another factor that could explain the higher SGR of seaweed in Experiment 1 
when compared to Experiment 2, is higher nitrogen conversion rates and nutrient 
uptake rates into seaweed in Experiment 1, which would presumably be used by the 
seaweed for growth (Figure 5.9) (Peckol et al. 1994). This result is supported by 
Subandar et al. (1993) who reported that the SGR of seaweed decreased as nutrient 






5.4.3 N and P in seaweed tissue 
The nutrient levels reached in Sargassum tissue are a consequence of the 
assimilation the nutrients that are based on the macroalgae demand and biomass 
dilution for the growth. Over the period of two experiments, the nitrogen content of 
Sargassum ranged from 1.70 to 1.92%, similar to the values reported by Hanson 
(1977) who reported that the nitrogen content of Sargassum was 1.69% when 
investigating its capacity in nitrogen fixation.  
 
The results indicate that Sargassum’s capacity in nitrogen assimilation is 
comparable to, and some cases higher than other seaweed species such as Gracilaria 
amansii (Liu et al. 2004). Similarly, Sargassum also has a high capacity for 
phosphorus absorption. Results showed that the mean phosphorus content also 
increased from 0.54% to 0.59-0.71% in Experiment 1 and from 0.46% to 0.65-0.73% 
in Experiment 2. These values are also comparable to values reported for other 
seaweed species. Hernández et al. (2005) reported that the mean tissue phosphorus 
was 3.0 mg g-1 dry weight (0.3%) in U. rotundata and 3.49 mg g-1 dry weight 
(equivalent to 0.35%) in G. longissima when they were cultured in effluents from 
gilthead seabream (Sparus aurata) culture. Thus, it can be assumed that Sargassum 
has potential to assimilate superfluous nutrients in marine environment or in marine 
aquaculture situation. 
 
Results also indicated that the nitrogen and phosphorus concentrations in 
Sargassum were always higher than critical values (that is, the tissue nitrogen and 
phosphorus concentration needed to sustain maximum growth) as reported for 
seaweed species. According to Hernández et al. (1997) and Lyngby et al. (1999), the 
values of the critical phosphorus concentration for different macroalgae are between 
0.13 to 0.24% (dry weight). Ray-Lien Hwang et al. (2004) reported that the critical 
nitrogen content in some Sargassum species was 0.5 to 2% dry weight. Thus, it can 
be seen that nitrogen and phosphorus levels in the culture systems were not limiting 
the growth of Sargassum when integrated with western king prawn culture.  
 
5.4.4 Nutrient uptake rates 
Nutrient uptake rate is defined as the amount of nutrients removed per unit area, 
expressed in terms of, surface area, wet weight or dry weight (Lobban et al. 1985; 
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Troell et al. 2003). Differences in experimental techniques used in various studies 
make comparisons of nutrient uptake rates difficult. This majority of investigations 
on uptake of nutrients involved a continuous flow culture system, whereas the 
experiments in this study used a batch culture system. Furthermore, the nutrient 
uptake rate varies depending on culture conditions seaweed species and stocking 
density (Lobban et al. 1985; Troell et al. 2003). In this study, based on the N and P 
contents and growth rates of Sargassum integrated with prawn culture, the mean N 
and P uptake rates were estimated for the two experiments. Results showed that the 
mean N and P uptake rates were higher when the stocking density of seaweed was at 
0.5 kg m-2 than at 0.25 kg m-2. Recently, in an integrated culture of finfish and 
macroalgae, Mwandya et al. (2001) found that the nutrient uptake rate of seaweeds 
such as Ulva reticulate, Eucheuma denticulatum and Gracilaria crassa increased 
with increasing stocking density of seaweed. This may be attributed to a high surface 
area when seaweed cultured at high stocking density. According to Rosenberg & 
Ramus (1984) and Cohen & Neori (1991), the differences in the ratio of surface area 





















CHAPTER 6: GENERAL DISCUSSION 
 
6.1 Introduction 
The study analysed the benefits of integrating seaweed (Sargassum sp.) into 
western king prawn (Penaeus latisulcatus) culture system. The benefits were 
measured in terms of any improvements in growth and survival of respective species. 
However, main focus of the research was on the shift in the nutrient dynamics due to 
the integration. The shift was measured in terms of nitrogen and phosphorus 
absorption by the respective species, the role of seaweed in removing N and P in 
integrated seaweed prawns (ISP) systems and overall impacts on the nutrient budget 
due to this integration.  During the first experiment of the study, nutrient dynamics in 
prawn monoculture (PM) and integrated seaweed-prawn (ISP) culture systems was 
analysed (Chapter 4). During the following two experiments (Chapter 5), impacts of 
the changes in the ratio of stocking densities of prawns and at two different levels of 
seaweed biomass were evaluated on the above mentioned benefits  
 
Water quality and Nutrient removal 
It has been known that seaweed effectively reduced the concentration of nitrogen 
and phosphorus metabolites from aquaculture systems (Jones 1999). In this study, 
analysis of water quality could detect differences in the concentration of nutrients 
between PM and ISP systems. The concentrations of DIN, total nitrogen, total 
phosphorus, TAN, NO2-, NO3- and PO43- were lower in ISP systems than in PM 
system. Even though all of the Sargassum died at day 28 in Experiment 1, the 
efficiency of removal nutrients was still able to find in ISP system as indicated by the 
drop in the concentration of nutrients in water.  
 
The nitrogen removal capacity by macroalgae depends on the concentration of 
nitrogen source(s), and in this study nitrogen from NO3- was shown preference over 
other nitrogen sources. Further, the increase in prawn stocking density did not affect 
the water quality variables, whereas the decrease of seaweed biomass influenced the 
nitrite concentration (Chapter 5). The increase of nitrite concentration with lower 
density of seaweed is probably as a consequence of the uncompleted nitrification 
process (Ray & Chien 1992). However, this concentration of nitrite is below the 
concentration of 6 mg l-1 reported to affect growth in penaeid prawns (Wickins 
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Integration of seaweed with prawns did not alter the nitrogen and phosphorus 
conversion rates to any aquatic biomass. However, when data of three experiments 
were pooled, ISP systems had higher overall nutrient conversion rates than those in 
PM (Table 6.1 and 6.2). Thus, the rates of nitrogen and phosphorus conversion into 
waste, which is calculated as the harvest residuals, were lower in ISP than in MP 
(Chapter 4). This suggests that the ISP systems effectively retained nutrients into 
harvested aquatic products as seaweed could assimilate those nutrients which leached 
out from uneaten feed and faeces. Similarly, Troell et al. (2003) showed that 
integrated approach aquaculture systems can increase overall utilisation of the feed 
and, hence water and fewer nutrients are discharged into the waste (Schneider et al. 
2005). 
 
Different stocking density of either prawns or seaweed and culture techniques did 
not influence the nutrient recovery efficiencies into the prawn flesh. The nitrogen and 
phosphorus conversion rates by prawns in ISP systems of the present study ranged 
from 18.99-23.69% and 7.62-17.37%, respectively (Table 6.1 and 6.2). These 
numbers were close to that reported by Tian et al. (2001) for Chinese prawns 
(Penaeus chinensis) (N: 12.6-17.8%) and Pan et al. (2005) for Pacific white prawns 
(Litopenaeus vannamei) (P: 15.1-18.6%). However, the feed nitrogen conversion 
rates of seaweed were significant higher (p < 0.05) in high seaweed stocking density 
than in low stocking density, but no significant difference was observed in 
phosphorus conversion rates (Chapter 5). As a result, the nitrogen and phosphorus 
conversion rates to total biomass (that is, prawns plus seaweed) were higher with 
higher seaweed stocking density (0.5 kg m-2). This demonstrated that by reducing the 
biomass of seaweed to 50% has a negative effect on the nutrient conversion rates into 






Table 6.1  Comparison of conversion rates (%) of feed nitrogen into prawns, 
seaweed and wastes of all systems (treatment) (mean ± S.E.). 
Treatments Prawns Seaweed Prawns and 
Seaweed 
Waste 
PM 17.69±1.01a - - 82.31±1.01 
ISP 18.99±1.25a - - - 
ISP1-1 23.69±2.28a 23.84±2.72a 47.54±1.79b 52.46±1.79 
ISP2-1 23.17±1.68a 20.32±3.03a 43.49±3.94ba 56.51±3.94 
ISP3-1 19.19±0.78a 18.86±0.52a 38.05±1.23a 61.95±1.23 
ISP1-2 20.66±0.23a 12.92±2.22b 33.59±2.16c 66.41±2.16 
ISP2-2 19.22±1.22a 14.03±2.56b 33.25±3.74c 66.65±3.74 
ISP3-2 17.80±3.06a 12.15±3.31b 29.95±5.73c 70.05±5.73 
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. Values followed 
by different letters (a,b…) of the same column are significantly different at p < 0.05.  
 
 
Table 6.2  Comparison of conversion rates (%) of feed phosphorus into prawns, 
seaweed and wastes of all systems (treatment) (mean ± S.E.). 
Treatments Prawns Seaweed Prawns and 
Seaweed 
Waste 
PM 14.47±4.40ab - - 85.53±4.40a 
ISP 13.79±3.31ab - - - 
ISP1-1 13.98±2.72ab 25.64±2.68 39.63±0.75ab 60.38±0.75b 
ISP2-1 14.40±1.75ab 37.51±4.84 51.91±3.25a 49.09±3.25b 
ISP3-1 17.37±1.39a 32.45±2.92 49.82±2.71a 50.18±2.71b 
ISP1-2 10.55±1.34ab 30.07±4.29 38.79±5.74ab 61.21±5.74b 
ISP2-2 9.88±3.18ab 24.21±4.21 35.05±5.18ab 64.95±5.18b 
ISP3-2 7.62±1.51b 23.56±6.27 30.59±6.83b 69.41±6.83b 
Note: PM = prawn monoculture; ISP = integrated seaweed-prawn culture. Values followed 
by different letters (a, b…) of the same column are significantly different at p < 0.05.  
 
Seaweed and nutrient uptake rates 
As Sargassum sp. grew slower in ISP than SM (Chapter 4). reduced growth is a 
consequence from a range of factors, including physical water quality parameters 
(Ray-Lien Hwang et al. 2004) and nutrient metabolites (Peckol et al. 1994). Though 
temperature and pH were maintained within the narrow ranges as recommended for 
optimal growth of seaweed (DeBusk & Ryther 1984; Hanisak & Samuel 1987; Ray-
Lien Hwang et al. 2004) however, the concentration of metabolic nitrogen and 
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phosphorus were higher in ISP than in SM, which probably would have inhibited the 
growth of seaweed.  
 
A higher growth exhibited by Sargassum sp. at higher biomass (Table 6.3) is 
similar to Gracialria chinesis which showed the higher growth rates at higher 
stocking (Ugarte & Santelices 1992). The lower growth can be contributed to the 
large amount of suspended particles (faeces and uneaten feed from prawn culture) in 
water when the stocking density of seaweed was low (Hurtado-Ponce et al. 1992; 
Jones et al. 2002), though this ratio was not quantified in the research and was 
observed. The suspended particles resulted in a deposition of a thin layer of silt over 
thalli of seaweed and blocked the incident light and thus affected the growth due to 
reduced photosynthetic activity (Hurtado-Ponce et al. 1992; Nelson et al. 2001; 
Marinho-Soriano et al. 2002). 
 
Table 6.3  Comparison of final SGR of Saragssum sp. under the conditions of 
different nutrient uptake rates, salinities and different stocking 





N uptake rate P uptake rate  SGR  
(% day-1) 
SM 0.50 28-29 n.a. n.a. 5.70 ± 0.82a 
ISP 0.50 28-29 n.a. n.a. 3.16 ± 0.74cb 
ISP1-1 0.50 35-36 0.66 ± 0.03a 0.21 ± 0.02a 3.54 ± 1.35b 
ISP2-1 0.50 35-36 0.59 ± 0.03b 0.24 ± 0.01ab 3.24 ± 0.03b 
ISP3-1 0.50 35-36 0.55 ± 0.02bc 0.25 ± 0.01b 3.10 ± 0.10c 
ISP1-2 0.25 35-36 0.49 ± 0.01c 0.16 ± 0.002c 2.53 ± 0.08d 
ISP2-2 0.25 35-36 0.32 ± 0.07d 0.14 ± 0.01c 1.89 ± 0.12d 
ISP3-2 0.25 35-36 0.33 ± 0.03d 0.13 ± 0.002c 1.82 ± 0.06d 
Note: n.a. indicates no data available as seaweed died at the end of experiment. N uptake rate 
= Nitrogen uptake rate (mg g-1 dry wt day-1); P uptake rate = Phosphorus uptake rate (mg g-1 
dry wt day-1); SM = seaweed monoculture, ISP = integrated seaweed-prawn culture. Values 
followed by different letters (a, b…) of the same column are significantly different at p < 
0.05. 
 
 Even though Sargassum sp. growth was slow, they had a relatively higher 
capacity to remove nutrients when compared to other seaweed species. For example, 
Peckol et al. (1994) showed that Cladophora vagabunda and Gracialria tikvahiae 
can uptake nitrogen at maximum rate of 0.034 and over 0.054 mg g-1 dry wt day-1, 
respectively. The N uptake rates in the present study are also similar to those 
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estimated for Porphyra species as reported by Carmona et al. (2006). They found 
that the nitrogen uptake rate varied from 0.4-4.0 mg g-1 day-1. However, Subandar et 
al. (1993) estimated a greater mean N uptake rates of 1.92-3.07 mg g-1 dry wt day-1 
by Laminaria saccharina cultured in salmon farm effluents. Thus, it is clear that each 
seaweed species has different capacity in uptaking nitrogen. However, the mean P 
uptake rate of Sargassum was close to Porphyra sp. (Carmona et al. 2006) and to 
Gracialria lemaneiformis (Zhou et al. 2006). These authors found that mean P 
uptake rates were 0.1-0.32 mg g-1 day-1 for Porphyra sp. and 0.14 mg g-1 day-1 for 
Gracialria lemaneiformis.  
 
The uptake rate of nutrients is influenced by several biological factors such as, 
the age of the plant and its past nutritional history or nutrient status of its thalli (Ahn 
et al. 1998). The nutrient uptake rate of seaweed is also dependant on its stocking 
density (Jiménez del Río et al. 1994). Neori et al. (1991) reported Ulva sp. had high 
nitrogen uptake and tissue nitrogen content at high stocking densities which is 
similar in the current study (Table 6.3). 
 
Survival and Growth of prawns 
This is the first study of the integration of Sargassum into western king prawn, 
Penaeus latisulcatus, culture. The results from three experiments showed that the 
incorporation of Sargassum into prawn culture did not affect the survival rate and 
growth of prawns in comparison to prawn monoculture (Table 6.4).  
 
However, prawns grew slower when (i) their stocking density was increased as 
growth rates of aquatic species are inversely related to its stocking biomass (Allan & 
Maguire 1992b; Martin et al. 1998; Tseng et al. 1998) and (ii) stocking density of 
seaweed was decreased, except for ISP1-1 where prawn stocking density only 
increased by 10% and seaweed stocking density was at 0.5 kg m-2 (prawn-seaweed 
ratio = 1:4.72). There was higher nutrient uptake by seaweed in ISP1-1 and therefore, 







Table 6.4  Comparison of final SGR of prawns in different nutrient uptake rates with 











PM* - n.a. n.a. 0.64 ± 0.21b 55.00 ± 9.57a 
ISP* 1:5.21 n.a. n.a. 0.61 ± 0.15b 60.00 ± 8.71a 
ISP1-1 1:4.72 0.66 ± 0.03a 0.21 ± 0.02a 0.69 ± 0.02b 93.33 ± 6.66a 
ISP2-1 1:4.31 0.59 ± 0.03b 0.24 ± 0.01ab 0.53 ± 0.06a 93.33 ± 6.66a 
ISP3-1 1:3.97 0.55 ± 0.02bc 0.25 ± 0.01b 0.46 ± 0.03a 93.33 ± 6.66a 
ISP1-2 1:2.36 0.49 ± 0.01c 0.16 ± 0.002c 0.55 ± 0.01a 83.33 ± 9.62a 
ISP2-2 1:2.16 0.32 ± 0.07d 0.14 ± 0.01c 0.51 ± 0.01a 66.30 ± 14.23a 
ISP3-2 1:1.98 0.33 ± 0.03d 0.13 ± 0.002c 0.49 ± 0.04a 82.74 ± 10.93a 
Note: n.a. indicates no data available as seaweed died and fouled at the end of experiment. N 
uptake rate = Nitrogen uptake rate (mg g-1 dry wt day-1); P uptake rate = Phosphorus uptake 
rate (mg g-1 dry wt day-1); PM = prawn monoculture, ISP = integrated seaweed-prawn 
culture. Values followed by different letters (a, b…) of the same column are significantly 
different at p < 0.05. 




1. Integration of seaweed with western king prawns led to the reduction in the 
concentrations of nitrogen and phosphorus in water. 
 
2.  The death of seaweeds can result in an increase in the concentrations of 
NH4+, NO2-, NO3-, DIN, total nitrogen, PO43- and total phosphorus, but still 
remained relatively lower than in prawn monoculture systems. 
 
3.  Sargassum cultured together with prawns could effectively remove nutrients 
without effecting the growth and survival of western king prawns. 
 
4. The integration of seaweed with prawn culture did not alter the nitrogen and 
phosphorus conversion rates from feed into prawns. 
 
5. The incorporation of Sargassum sp. into western king prawn cultures resulted 




6. The mean nitrogen and phosphorus uptake rates by seaweed are strongly 
related to the stocking density and the SGR of seaweed.  
 
7. The growth rates of prawns is higher at the prawn:seaweed ratio of 1:4.72. 
 
8. The lower seaweed stocking biomass does not affect the western king prawn 
growth, but negatively affects the growth, the nutrient conversion rates and 
nutrient uptake rates of seaweed.  
 
6.3 Recommendations for future research  
1. The present study was based on the small scale laboratorial experiments. It is 
necessary that these results are further validated on a large scale under field 
conditions.  
2. Further study is necessary to examine how low seaweed stocking density can 
reduce the growth rate, nutrient conversion rates and nutrient uptake rates. 
3. Research should be conducted in investigating the underlying biotic and 
abiotic factors which influence the growth of seaweed and nutrient uptake 
capacity.  
4. Different culture techniques should be tested to reduce the risk of seaweed 
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1. Preparation of molybdovanadate reagent for analysis of phosphorus in tissue 
samples: 60 g (NH4)6Mo7)O24× 4H2O (ammonium molybdate) was dissolved in 900 
ml hot deionised water, cool, and dilute to 1000 ml. 1.5 g ammonium metavanadate 
was dissolved in 690 ml hot deionised water. 300 ml HNO3 was then added into 
ammonium metavanadate solution, cool, and dilute to 1000 ml. Gradually add 
molybdate solution to vanadate solution with stirring. 
 
2. Preparation of the standard curve for analysis of phosphorus in tissue samples: 
0.2397 g of pure and dried KH2PO4 was dissolved to obtain stock solution of 0.5 mg 
P2O5 ml-1. The stock solution was then diluted to obtain of 0.00, 0.05, 0.10, 0.15, 
0.20, 0.25, 0.30 and 0.35 mg P2O5 10 ml-1. 5ml of molybdovanadate reagent was then 
added to each standard solution. Using these solutions of standard curve was then 
constructed at a wave length of 400nm. 
 
3. Indophenol blue method: 
An intensely blue compound, indophenol, is formed by reaction of ammonia, 
hydrochlorite, and phenal catalyzed by sodium nitroprusside. 25 ml filtered water 
sample was added with thorough mixing after each addition as follow: 1 ml phenol 
solution1, 1 ml sodium nitroprusside solution2, and 2.5 ml oxidizing solution3. Let 
samples color develop at room temperature (22-270C) in subdued light for at least 1h 
and measured absorbance at 640nm. Blank and standard solutions4 were prepared to 
have standard curve to compute concentration ammonium of water sample by 
comparing water sample absorbance with the standard. 
 
Note: 
1 Phenol solution: mix 11.1 ml liquefied phenol (≥89%) with 95% v/v ethyl alcohol 
to a final volume of 100 ml. 
2 Sodium nitroprusside solution, 0.5%: 0.5g sodium nitroprusside was dissolved in 
100 ml deionised water. 
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3 Oxidising solution: mixed alkaline citrate solution with 5% sodium hypochloride 
(4:1 v/v). Alkaline citrate solution was prepared by diluting 200 g trisodium citrate 
and 10 g sodium hydroxide in 1000 ml of deionised water. 
4 Using NH4Cl to prepare standard solution: 0.3819 g of pure and dried NH4Cl was 
dissolved to obtain stock solution of 100 mg l-1. The stock solution was then diluted 
to obtain of 0.0, 0.2, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg l-1.  
 
4. Colorimetric method: 
2 ml color reagent was added into 50 ml filtered water sample and standard solution 
and then left them to develop color and measured absorbance at 543nm. Blank and 
standard solutions were prepared to have standard curve to compute concentration 
nitrite of water sample by comparing water sample absorbance with the standard. 
The color reagent and standard solution were prepared as follow: 
• 10g sulfanilamide was dissolved in 800 ml of distilled water and 100ml 85% 
phosphoric acid. After dissolving sulfanilamide completely, 1g N-(1-
naphythyl)-ethylenediamine dihydrochloride was added and diluted to 1000 
ml with distilled water.  
• Standard solution: 0.4925 g of pure and dried NaNO2 was dissolved to obtain 
stock solution of 0.5 mg l-1. The stock solution was then diluted to obtain of 
0.0, 0.02, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30 mg l-1. 
 
5. Ascorbic acid method: 
50 ml water sample was added 0.05 ml (1 drop) phenolphthalein indicator. If a red 
color develops add 5N H2SO4 solution dropwise to just discharge the color. 8 ml 
combined reagent was added into samples and mixed thoroughly. After at least 10 
minutes but no more than 30 minutes, measure absorbance of each sample at 880 nm, 
using reagent bank as the reference solution. Blank and standard solutions were 
prepared to have standard curve to compute concentration phosphate of water sample 
by comparing water sample absorbance with the standard. The combined reagent and 
standard phosphate solution were prepared as follow: 
• Combined reagent: Mix reagents in the following proportions for 100 ml of 
the combined reagent and follow in the order: 50 ml 5N H2SO4, 5 ml 0.001M 
potassium antimonyl tartrate, 15 ml 0.003M ammonium molybdate solution, 
and 30 ml 0.01M ascorbic acid solution. If turbidity forms in the combined 
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• Standard solution: 0.2195 g of pure and dried KH2PO4 was dissolved to 
obtain stock solution of 0.5 mg l-1. The stock solution was then diluted to 
obtain of 0.0, 0.02, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30 mg l-1. 
 
Appendix 2 
Table I:  Water quality parameters (mg l-1) of each treatment over the 
experimental period (mean ± S.E.) (Chapter 4). 
Treatment Temperature 
(0C) 
Salinity (‰) pH DO (mg l-1) 
PM 25.08 ± 1.26 28.96 ± 0.03 7.91 ± 0.01 5.81 ± 0.29 
SM 23.81 ± 0.10 30.19 ± 0.09 8.17 ± 0.01 6.16 ± 0.03 
ISP 23.60 ± 0.06 29.06 ± 0.04 7.99 ± 0.01 5.96 ± 0.02 
Note: PM = prawn monoculture, SM = seaweed monoculture, ISP = integrated seaweed- 
prawn culture. 
 
Table II:  Water quality parameters (mg l-1) each treatment over the 
experimental period (mean ± S.E.) (Chapter 5). 
Treatment Temperature 
(0C) 
Salinity (‰) pH DO (mg l-1) 
ISP1-1 21.60 ± 1.28 35.14 ± 0.13 7.43 ± 0.04 5.81 ± 0.29 
ISP2-1 22.31 ± 0.17 36.19 ± 0.79 8.02 ± 0.03 6.16 ± 0.03 
ISP3-1 22.04 ± 0.78 35.76 ± 1.04 7.99 ± 0.01 5.96 ± 0.02 
ISP1-2 22.48 ± 0.34 36.06 ± 0.79 8.07 ± 0.09 6.02 ± 0.04 
ISP2-2 21.98 ± 1.02 35.22 ± 1.11 7.89 ± 0.44 5.99 ± 0.07 
ISP3-2 22.08 ± 0.56 36.01 ± 0.74 7.54 ± 0.67 5.92 ± 0.05 












Appendix 3   
Table I: The concentration of nitrogen and phosphorus in feed for prawns (%) 
(mean ± S.E.). 
Nutrient Chapter 4 Chapter 5 
Nitrogen 8.12 ± 0.22 5.34 ± 0.32 
Phosphorous 1.29 ± 0.135 1.78 ± 0.25 
 
 
Table II:  Total N and P biomass gained of prawns and seaweed in treatments in 
Chapter 4. 
Species Treatment mg N gained in culture (g) mg P gained in culture (g) 
Prawn  PM 102.95 ± 33.40 4.07 ± 1.67 
 ISP 96.79 ± 40.99 13.37 ± 6.14 
Seaweed SM -106.95 ± 6.92 -67.69 ± 5.32 
 ISP -111.42 ± 44.60 -103.71 ± 15.61 




Table III:  Total N and P biomass gained of prawns and seaweed in treatments in 
Chapter 5. 
Species Treatment mg N gained in culture (g) mg P gained in culture (g) 
Prawn  ISP1-1 137.96 ± 13.90 27.17 ± 5.60 
 ISP2-1 136.36 ± 9.90 28.17 ± 2.45 
 ISP3-1 131.35 ± 6.33 39.52 ± 3.33 
 ISP1-2 149.01 ± 6.10 26.99 ± 3.24 
 ISP2-2 135.07 ± 13.34 23.50 ± 6.20 
 ISP3-2 153.36 ± 18.72 23.72 ± 4.98 
    
Seaweed ISP1-1 138.96 ± 16.69 69.33 ± 6.72 
 ISP2-1 121.09 ± 21.62 103.77 ± 17.00 
 ISP3-1 129.09 ± 5.55 103.58 ± 10.90 
 ISP1-2 91.18 ± 13.74 71.49 ± 14.15 
 ISP2-2 97.27 ± 17.34 63.48 ± 11.76 
 ISP3-2 104.25 ± 25.58 63.67 ± 15.97 







Appendix 4  
Table I: Intensity of light for all experiments (mean ± S.E.). 
Chapter Experiment Treatment Intensity (Lux) 
Chapter 4  PM 115.57 ± 13.03 
  SM 111.05 ± 10.25 
  ISP 114.75 ± 11.47 
Chapter 5 Experiment 1 ISP1-1 182.40 ± 13.83 
  ISP2-1 145.32 ± 17.84 
  ISP3-1 181.19 ± 12.95 
 Experiment 2 ISP1-2 177.61 ± 13.01 
  ISP2-2 189.57 ± 14.56 
  ISP3-2 141.73 ± 16.05 
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Effluent water from intensive prawn culture ponds typically has high 
concentrations of dissolved nutrients such as nitrogen. An experiment was conducted 
for 28 days to investigate the nitrogen flow where seaweed (Sargassum sp.) was 
integrated into western king prawn (Penaeus latisulcatus) culture. Three treatments 
were used, each consisting of four, 0.1m3 plastic tanks. Treatment 1 and 2 were the 
monocultures of western king prawns (5.48 ± 0.29 g) and seaweed (young seaweed). 
Treatment 3 was an integrated culture of prawns and seaweed. Five prawns were 
stocked in each tank of treatment 1 and 3. About 137 ± 0.36 g of biomass seaweed 
was stocked in the treatment 2 and 3. Prawns in prawn monoculture and integrated 
culture were fed twice a day at a rate of 2.5% of total body weight. The concentration 
of dissolved inorganic nitrogen (DIN) discharged from the prawn monoculture 
increased from 0.126 to 10.98 mg/L during the experiment. The concentration of 
total ammonium nitrogen (TAN), nitrite-nitrogen (NO2-) and nitrate-nitrogen (NO3-) 
in the integrated culture was significantly lower at the termination of the experiment 
than the prawn monoculture (p≤0.05). The concentration of TAN, NO2-, NO3- and 
DIN in the integrated culture remained within non-toxic limits for the duration of the 
experiment. Integrating Sargassum sp. with prawns did not alter the specific growth 
rate (SGR) and survival rate of the prawns (p>0.05). The mean biomass of seaweed 
in the integrated culture increased at the rate of 3.16 ± 0.74% g per day after 7 days 
of the experiment, which was significantly lower (p≤0.05) than the growth rate of the 
seaweed in the monoculture (5.70 ± 0.82 % g per day). The results suggest that 
integrating seaweed into prawn culture can benefit prawn farming by assisting in the 
maintenance of optimum water quality and thereby, reduce environmental impacts on 
surrounding areas. 
 
Key words: Integrated aquaculture, nitrogen, western king prawn, Sargassum sp 
 
1. Introduction 
Prawn farming has developed steadily over the last decades in response to 
increasing world market demand. The western king prawn (Penaeus latisulcatus, 
Kishinouye 1896) is considered as one of the candidate species for culture and has 
been widely cultured in several Asian countries (Kathirvel and Selvaraj, 1987). To 
increase prawn productivity, the management practices have been intensified by 
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using  high quality and quantity of feed (Brzeski and Newkirk, 1997, Shepherd and 
Bromage, 1988, Seymour and Bergheim, 1991) which accounts for more than 95% 
of the nutrient input (Krom and Neori, 1989). However, less than one third of 
nutrients are assimilated into the shrimp biomass (Briggs and Funge-Smith, 1994) 
and the remainder is lost to the system (Wu, 1995, Piedrahita, 2003). In addition, 
aquatic species excrete to the water 70-80% of their ingested protein, the majority of 
which (80%) are composed of dissolved nitrogen in ammonium forms (Porter et al., 
1987).  
 
The discharged wastewater from intensive prawn culture may cause 
environmental concerns. The effluents, which consist of excess feeds and excretory 
products, can promote eutrophication and result in harmful algal blooms and anoxia 
conditions (Wu, 1995). In order to mitigate the environmental impacts due to effluent 
discharge and maintain sustainable prawn farming, various methods have been 
proposed to address the issue of nutrients discharged from intensive prawn 
aquaculture (Neori et al., 2004). One possible approach is integrating prawns and 
macroalgae where macroalgae is expected to absorb nutrients.  
 
Macroalgae species such as Ulva, Porphyra and Gracilaria  have been proven to 
effectively reduce the nutrient load in effluents and assist in maintaining water 
quality at acceptable levels (Neori et al., 2004). However, there is limited literature 
available on integrating Sargassum sp. with king prawn farming. Sargassum species 
are common macroalgae occurring worldwide and inhabits in subtidal areas in both 
warm and temperate water, such as in the Indo-west Pacific region and Australia 
(Tseng et al., 1985). Furthermore, Sargassum species have potential to act as a 
biofilter because of its capacity of nitrogen metabolism in the ocean environment 
(Hanson, 1977, Phlips et al., 1986). The aim of this study was to evaluate the 
efficacy of Sargassum sp. in assimilating nitrogen when integrated with western king 
prawn culture.  
 
2. Materials and Methods 
2.1 Materials and experimental design 
Western king prawns (size: 5.48 ± 0.29 g) were collected from the mouth of 
Swan River in Bicton, Western Australia (320 40”S 1150 13”E). Prawns were 
acclimated to the laboratory conditions for 14 days before commencing the 
experiment. Sargassum sp. was collected from the Cottesloe coast in Western 
Australia (310 57”S 1150 05”E). Seaweed was rinsed with ocean water and epiphytes 
were removed.  
 
The system used in this trial consisted of twelve, 100L (0.1 m3) plastic tanks. 
Four replicates of three treatment group were set up in a completely randomized 
design. Treatment groups 1 (PM) and 3 (IPS) were monocultures of western king 
prawn and seaweed, respectively. Treatment 2 (SM) was a co-culture of prawns and 
seaweed. Prawns and seaweed were stocked at densities of 18 animals/m2 (27 g per 
tank) and 0.5 kg/m2 (140 g per tank), respectively. Prawns were fed 2.5% of the total 
tank prawn biomass twice a day. Mortalities in each tank were removed and weighed 
and any sign of cannibalism was noted. The trial was conducted over a period of 28 
days. 
 
2.2 Analytical procedures 
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Prawns were weighed at the commencement of the experiment and were re-
weighed once a week to obtain the data required to determine specific growth rates 
(SGR %) and weight gain (WG g) by using formulas:  
 
SGR = 100 (lnWt-lnW0)/t and WG = Wt - W0 
 
where: W0 = initial weight; Wt = weight at time t since the beginning.  
 
The survival rate (Stn) of the prawns in each tank was also calculated using the 
formulas: 
 
Stn = Ntn x 100/Ni 
 
where: Ntn: number of prawn surviving at the time n; Ni: number of prawn at the 
beginning of the trial. 
 
The concentrations of total ammonia nitrogen (TAN: NH3- & NH4+), nitrite 
nitrogen (NO2-) and nitrate nitrogen (NO3-) in all tanks were measured weekly. TAN 
and NO2- were analysed using standard methods for water and waste water analysis 
(APHA, 1998). NO3- was analysed by using a DR/890 Colorimeter. Nitrogen 
removal (NR %) in the integrated systems was estimated according to the following 
equation:  
 
NR = 100 x (Ccnl – Cp)/Ccnl 
 
where Ccnl = nutrient concentration in the prawn monoculture treatment (mg/L); 
Cp = nutrient concentration in the integrated culture treatment (mg/L). 
 
2.3 Statistical analysis 
SPSS (versions 15) and Microsoft Excel were used for data analysis. LSD post 
hoc tests in One way of Analysis of Variance (ANOVA) were used to determine any 
significant differences (p≤0.05) among treatment means. Regression analysis was 
used to assess relationships between SGR of prawn and nutrients in water.  
 
3. Results and discussion 
3.1 Water quality parameters 
The concentration of nitrogen metabolites gradually increased over the 21-day 
experimental period in all treatments, except for NO3- in seaweed monoculture which 
remained undetectable after 14 days of the experiment (Figure 1). There was a 
significant increase in the concentration of nitrogen metabolites after 21 days of the 
experiment, with DIN at 11 mg/l in prawn monoculture, 4.27 mg/l in the integrated 
culture and 1.77 mg/l in seaweed monoculture. The observed decay of seaweed 
would have contributed to this increase in nitrogen loading (Jones, 1999). In this 
study, the thallus of Sargassum began to deteriorate and disintegrate after 7 days and 
100% mortality was recorded by the end of the experiment. Similarly,  DIN was 
greater than 14 mg/l when red seaweed (Gracilaria), was cultivated in P. monodon 
effluents, died (Marinho-Soriano et al., 2002). 
 
In this study, the concentration of TAN in all treatments remained below 1.0 mg/l 
until day 21 of experiment and then significantly increased to 2.92 mg/l in prawn 
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monoculture, 2.34 mg/l in integrated culture and 1.66 mg/l in seaweed monoculture. 
The concentration of NO2- in prawn monoculture and integrated culture increased to 
nearly 0.7 mg/l by day 21 and remained at this level until the conclusion of the 
experiment. TAN and NO2- levels remained within the known acceptable 
concentration for successful prawn culture (3.0 mg/l and 1.0 mg/l, respectively) in 
both prawn monoculture and integrated culture treatments (Timmons et al., 2002).  
 
In all treatments, NO2- was generally the form of DIN at the lowest 
concentration. In addition, NO2- concentration did not significantly differ over the 
experimental period, while the concentration of TAN, NO3- and DIN after 28 days of 
the experiment was significantly higher than at the previous days of the experiment 
(Figure 1). This suggests that NO2- could be accumulating in the tanks due to 
incomplete nitrification with the kinetic reaction being controlled by ammonia 
oxidation over the experimental period (Timmons et al. 2002). 
 
Overall, integrating prawn culture with seaweed resulted in lower concentration 
of TAN, and NO3- than in prawn monoculture. With Sargassum sp. absent, TAN 
concentration ranged from 0.03-2.91 mg/l, while NO3- concentrations reached 7.4 
mg/l by day 28. However, integrating Sargassum with western king prawns the 
concentration of nitrogen metabolites was significantly lower than in prawn 
monoculture, with only 2.34 mg/l of TAN and 1.25 mg/l of NO3-. The concentration 
of NO2- in the integrated culture remained lower than in prawn monoculture until day 
21 of the experiment, but at the end of the experiment NO2- reached 0.67 mg/l in 
both prawn monoculture and integrated culture. Generally, these results suggest that 











































































Figure 1: Concentrations of TAN, NO2-, NO3- and DIN in different systems over 28-
day experiment. (PM- prawn monoculture, SM - seaweed monoculture, ISP- 
integrated seaweed & prawn) 
 
3.2 Nitrogen removal 
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The removal rates of nitrogen metabolites from water when Sargassum sp. was 
present in prawn culture were not significantly different over the period of the 
experiment, except for NO2- which showed a significant decrease (Table 1). The 
removal rate of NO3- generally increased with increasing NO3- concentration, while 
the removal rate of TAN decreased with increasing TAN concentration (Figure 1, 
Table 1). The presence of Sargassum sp. resulted in more efficient at removal of 
NO3- than TAN, with removal rates of 69.28% and 28.25%, respectively.  Similarly, 
previous research has shown that seaweeds, such as green seaweed Codium fragile 
(Hanisak and Harlin, 1978), brown seaweed Laminaria groenlandica (Harrison et al., 
1986) and red seaweed Porphyra yezoensis (Hafting, 1999) removed NO3- more 
efficiently than TAN. However, other research has shown Ulva pertusa, Gelidum 
amansii and Sargassum enerve  to be more useful in removal of TAN than NO3- from 
water (Liu et al., 2004).  In this study, Sargassum sp. was able to remove a maximum 
of 52.57% of DIN. This is higher than the values reported for red seaweed Gracilaria 
longissima where such seaweed removed only 17% of DIN when integrated with fish 
(Sparus auratus) culture (Hernández et al., 2005). This indicates that Sargassum sp. 






Table 1: Removal rate of nitrogen metabolites over the experimental period 
Variable D7  D14 D21 D28 Mean 
TAN (%) 29.22±7.49a 29.35±11.28a 24.23±15.77a 20.75±8.31a 28.25±1.28 
NO2- (%) 55.58±6.78a 24.10±10.54b 12.87±6.43c nd 30.85±12.78 
NO3- (%) 68.09±7.32a 61.79±11.03b 72.19±16.54a 75.04±22.25a 69.28±2.87 
DIN (%) 44.65±6.66a 37.89±8.45a 49.37±14.41a 52.57±3.73a 46.12±3.19 
Values in any one row not followed by the same superscript letters are significantly 
different at p < 0.05; nd = not detectable 
 
3.3 Survival and growth performance of prawns and seaweed 
Table 2: Specific growth rate (SGR), weight gain (WG) and survival rate of prawns 





Integrated prawn & 
seaweed 
Prawns    
SGR (% g day-1) 0.39 ± 0.12a - 0.32 ± 0.08a 
Weight gain (g) 3.27 ± 0.92a - 2.47 ± 0.69a 
Survival (%) 85.00 ± 9.57a - 80.00 ± 0.00a
    
Seaweed    
SGR (% g day-1)*  5.70 ± 0.82a 3.16 ± 0.74b 
Values in any one row not followed by the same superscript letters are significantly 
different at p < 0.05 
* Biomass of live seaweed after 7 days of the experiment 
 
Integrating Sargassum sp. with prawn culture did not alter the SGR or weight 
gain of prawns (Table 2). Similarly, Lombardi et al. (2006) reported no signifcant 
differences in weight gain between monoculture and integrated culture when 
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seaweed (Kappaphycus alvarezii) was integrated into Pacific white prawn 
(Litopenaeus vanamei) culture. Compared with studies on P. monodon (Chen et al., 
1989, Thakur and Lin, 2003), the growth rate of western king prawns in both the 
monoculture and integrated culture of this study was higher, possibly as a result of 
lower stocking densities. In the present study, the stocking density of western king 
prawn was 18 prawns per m2 (5 prawn per tank), while P. monodon were stocked at 
approximately 70 postlarvae per m2 (PL25-27) by Chen et al. (1989) and 20-25 
juveniles per m2 by Thakur and Lin (2003). Mean prawn survival rate was not 
significantly affected by the presence of seaweed, with 85% survival in prawn 
monoculture and 80% survival in integrated prawn and seaweed culture. 
 
No correlation between the SGR of prawns and TAN or DIN was found in either 
prawn monoculture or integrated culture, suggesting that prawn growth rate was not 
affected by any measured water quality parameter. To investigate if a relationship 
between prawn growth rate and nitrogen concentration exists an extended study 
period is suggested for future studies. 
 
When seaweed was integrated with prawn culture, the mean biomass of seaweed 
increased at the rate of 3.16% g per day after 7 days of the experiment, while the 
growth rate of seaweed in the monoculture system was significantly greater with 
5.70% g per day (Table 2). Similarly, Guimaraens (1999) found that Sargassum 
growth rates decreased in nitrogen enriched conditions. Liu et al. (2004) reported that 
Sargassum enerve had a high capacity to assimilate nitrogen, but the increase in fresh 
weight gain was slow at high nitrogen concentration condition. Different species of 
seaweed, for example Ulva and Gracilaria, have also shown that high nitrogen levels 
can result in an inhibition in growth rate (Waite and Mitchell, 1972, Parker, 1982, 
Lignell and Pedersén, 1987, Marinho-Soriano et al., 2002).  
 
4. Conclusions 
Integrating Sargassum sp. into western king prawn culture can improve the water 
quality when compared to prawn monoculture systems. Although the results of this 
study showed that this integration had no significant effect on prawn growth, the 
addition of Sargassum did assist in the maintenance of optimum water quality and 
could thereby reduce the environmental impacts of the effluent on surrounding areas.  
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